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FOREWORD

Even with globally adequate food availability, large numbers of people
remain chronically undernourished today. Evaluation of alternative
national and international policies that can help reduce rapidly hunger in
the world has been a major theme of the FAP since its inception.

Though national redistributive policies may be essential to reduce
hunger at a satisfactory rate, the resources available with the developing
countries are limited. International capital transfers are thus needed.

Among the sources for such funds can be reduction in arms expendi-
ture.

With the help of FAP’s Basic Linked System (BLS) of national agricul-
tural policy models we have explored consequences for economic develop-
ment and reduction in hunger of mutual arms reduction and redistribution of
parts of the resources thus saved.

In this paper, Vladimir Iakimets explores the dynamics of military
expenditure reduction as a prelude to designing appropriate arms reduc-
tion scenarios.

Kirit S. Parikh
Program Leader
Food and Agriculture Program
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ABSTRACT

In this paper four hypotheses on possible dynamics of reduction of
military expenditures of a country are introduced and described. Illus-
trative examples of calculation of arnually released resources for the
BLS runs according to each hypothesis are given.
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1. Introduction
The main starting point for launching the Food and Agriculture Program at
IIASA was in fact our desire to understand whether reasonable and speedy inter-
nationally and nationally acceptable paths exist to reduce the large number of
(more than 400 million) hungry people in the world The Basic Linked System
(BLS) consisting of interacting national agricultural policy models with sectoral
breakdown which was created at [IASA is a suitable tool for the study of world
hunger problems from different points of view. One of the possible directions of
such a study is to analyse the opportunities for the utilization of the huge
reserves existing in individual countries, namely resources used for military
purposes, for the improvement of food supplies. A set of scenarios which we call
the Mutual Arms Reduction Scenarios {MARS) in the set of other scenarios for
the FAP's hunger study was suggested for investigation. Objectives of the MARS,
their importance, assumptions for their construction, problems to be solved as
well as description of their structure were given in lakimets (1985).

One of the problems to be solved for implementation of MARS with BLS is
the problem of determining the annual amount of reduction of a country's mili-
tary expenditure.

This paper contains the formalized statement of the problem, description

and formalization of the hypotheses relating to the desired dynamics of reduc-

tion of military expenditure and illustrative examples for calculation of annu-

ally released resources.

2. The Problem Statement
Let us denote E(t) as total military expenditures of a country in year t and
i, as its reduction coefficient. The amount of the military expenditures reduc-

tion of a country in year t or the released fund created by this country, F(t), is



determined as

F(t) = p, E(t). (1)
Hence
E(t+1) = B(t) (1 - ). (2)

In order to determine annual amount of reduction of military expenditures
of a country F(t) and hence E (t+1), we need to know initial value E(o) and value
of i, for each t = 0,1,...T—1. It is naturally to assume that

m = plat), (3)
where @ is in general case vector of parameters a = (cxl. Lo PYRRION aA) which helps
us to make hypothesis on "behaviour” of a country with relation to its military

expenditures reduction for the period T under consideration.

The problem is to identify & and to find type of functions u(a, t) which will

reflect hypothetical kinds of this behaviour.

8. Description of the Hypotheses

To illustrate the possible hypotheses relating to the desired dynamics of

reduction of military expenditures let us consider Figure 1.

1200 T = Optimistic
1000 = Straightforward
600 1 -= Cautious
E(t) 600 A Optimistic
® Cautious Gradual
400 1 Progressive
200 +
0 ~+ + : . ' | —
0 25 5 75 10 125 15 175 20
TIME

Figure 1. Four hypotheses of a country’s behaviour
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(3)

(4)
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It is assumed that a country “wants” to have at the end of the period under
consideration {T) the minimal admissible level of it's military expenditures Eq.
Each of the four curves on Figure 1 explains one of the possible distinctive

behaviours of a country with relation to reduction of its military expenditures.

Hypothesis 1 (optimistic)

This hypothesis is represented by curve 1. It can be described in the fol-
lowing way. A country has agreed to start with considerable initial reduction of
its expenditures with subsequential deceleration of the amounts of reduction to
the end of period [0, T]. This implies that this country can be sure of similar
behaviour of other countries and of opportunities of rational utilization of

resources released for internal purposes and for external aid.

Hypothesis 2 (constant)

This hypothesis is represented by the line 2. As in the previous case a
country is absolutely sure of the same behaviour of other countries and
rational utilization of resources released. However it "considers” that an ini-
tially fixed rate of reduction is maintained for the whole period under con-

sideration.

Hypothesis 3 (cautious optimistic)

This hypothesis is represented by curve 3. At the beginning of period
under consideration a country shows a cautious approach to reduction of its
military expenditures both from the point of view of behaviour of other coun-
tries and opportunities for rational utilization of released resources, for exam-
ple in developing countries because of their initial low absorptive capacity.
However, after some time when the joint efforts of other countries’ reduction of
their military expenditures are realized, this country decides to reduce faster

in the middile of the period considered with a subsegquential decelerated



reduction at the end.

Hypothesis 4 (cautious gradual progressive)

This hypothesis is represented by curve 4. It can be described as follows. A
country has agreed to begin reduction of expenditures under consideration.
However, it “prefers” to implement these with a gradually increasing rate of
reduction.

This behaviour can be explained mainly by possible progressive growth of
absorptive capacity of developing countries and in part by rates of structural

changes in the economy both in developed and developing countries.

4. Formalized description of hypotheses

All of these hypotheses have very clear distinctive properties, however it is
possible to describe these types of behaviour, for example, with the help of the

following equations:

It is easy to see that {2) and (3) leads us to the differential equation:

1 dEt

E, @ - A (4)
Let us fix

E({o) = E,,, (5)

E(T) = Ep (6)

and by definition*:

Er<E, (7)

Solution of (4) if we take into account (5) and (8) is

1
E(t) = E, exp —f ult,o)dt (8)

* The behaviour with ET > Eo seems to be excluded from consideration. However, it is sim-
ple if necessary to make calculations for this case also.
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Let us assume that & is not a vector, but some parameter: o : = a.

If we select the determined type of function u(a,t), then using (5), (8), (7) and
(8) it is possible to calculate the value of alpha. It enables us to immediately

calculate of time series E (t) for the corresponding hypothesis.

4.1. Optimistic Hypothesis

The family of functions ,u,(l) (t.a) to describe the hypothesis 1 can be writ-

ten with the help of

p(ta) = g (14t a),

B = E, exP[_#o- L(1s ;_t)] | (9)

where 4, and a have the determined "physical” sense. Namely u, is the initial
value of reduction coefficient (for t = o) and a is parameter which determines
the rate of decreasing u! (t,a) in time for the whole period under consideration.

Let us consider for certainty that T = 20.

For various values of a we have

fora =0

#(1) (t,a) =ty (10)
for a <0

wM (ta) = po (1 -t - ay) (11)
fora >0

p (ta) = po (1 =t 3y) (12)

The behaviour of (1) (t,a) for (10), (11) and (12) is shown in Figure 2.
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After substitution of one of (10), (11), (12) in (8), and taking into account

(6), we can solve (B) in relation to a. So we have:

for (10)
Er = E; exp(—po- T) . (13)
for (11)
T
Er=E, exp[—p,o “T(1 - oy ?)] . (14)
for (12)
- T
Er=E, exp[—p,o “T(1 = —2—)] . (15)

In other words for fixed values of T, E, Eand u, a; = a; and we have for these

two cases the same curve on Figure 3.

When we need to have in t = T, E, = E; = constant, then the value of u  from (13)

is calculated as follows:

1. Er
p,oz—i,-ln E_ (16)

o

The value of a for cases (14) and (15) are calculated as follows (let us assume

that u, = constant):

for (14)
2 1 Ep
= &= _|np—+1], 7
“ T['U'O'T ? E, (n
and for (15)
— _ 2| 1 Ep
a, = T[“O_T In E] +1 (18)

The qualitative behaviour of E, for all the abovementioned cases is shown on

Figure 3.



l-l(”(t,a)

a>o

0 T Time

Figure 3. Qualitative behaviour of E, for optimistic hypothesis.

4.2. The example of calculation of E{!) for hypothesis 1.

Let us assume that T = 20, E, = 1000, Ep = 100. Results of calculation of Er

are given in Table 1 and shown in Figure 4.
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Table 1. Example of calculation E{!) for hypothesis 1.

t E{M (13) EMN) (14), @, =-0.0151
Ko = 0.115, E() (15), @, =0.0151
al =0 ”’0 =0.1
0 1000 1000
1 891 904.1
2 794 816.2
3 707.9 735.8
4 630.9 662.2
5 562.3 595.2
8 501.2 548.8
7 448.7 4777
8 398.1 449.3
9 354.8 406.6
10 316.2 341.1
11 281.2 303.7
12 251.2 270.1
13 223.8 239.8
14 199.5 212.6
15 . . 177.8 188.2
16 158.5 166.3
17 141.2 146.8
18 125.8 129.4
19 112.2 113.8
20 100 100
1100
ICI(XJT-
gooj\
7004 \
600+ N
E{th Sm-L ‘\\
a0+
3004 \‘\\
2004
&,
Im-- ’EM’
o] . \ $ +
0 S 10 18 2

TIME

Figure 4. Calculated curve for hypothesis 1



4.3. Constant Hypothesis
It is easy to see from general considerations that the behaviour of E, in

this case is described as follows

ER =E, exp[ln(1 -3 - t)], (19)
where
E° —E
ul = oK TT, (20)
because
E°-E
E@ =Fg- ——-t (21)

when E_ and E; are known, and besides in (8)

(2
Ko (22)

@ =
BT TP

Here y.éz) has sense as relative coefficient of military expenditures reduction.

Behaviour of p.t(z) and Et(z) is shown in Figures 5 and 6 correspondingly.

u(2) T g2 T
1 1

E, ¢
ET T

— ’ > —>

0 T 1 /H(Z) t T t

=]
Figure 5 Figure 6

Qualitative behaviour of p.t(z) Qualitative behaviour of Et(z)
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4.4. Example of calculation of Et(z)

Let us assume that E, = 1000, Ey = 100, T = 20. Then p.éz) according to (20)
is equalled to 0.045. Values of Et(z) for this case are given in Table 2 and shown

in Figure 7.

Table 2. Values of Et(z)

t 0 1 2 3 4 5 6 7 8 9

E® 1000 955 910 865 B20 775 730 685 640 595

t 10 11 12 13 14 15 16 17 18 19 20

ER 550 505 460 415 370 325 280 235 190 145 100

o
o
L

1
L

0 ! ! —
10 15 20 25
TIME

Figure 7. Calculated curve for hypothesis 2
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4.5. Cautious optimistic and cautious gradual progressive hypotheses.
The family of [.Lt(s) = ;43) (a, t) with help of which we can describe
hypotheses 3 and 4 is determined as follows:

p,t(3) = ag t8, a>0 (23)

Hence according to (8):

E(®) = E, exp[ - 3:— ga+l ] (24)

Behaviour of coefficient y.ts and Et(s) is shown in Figures 8 and 9 correspondingly

(respectively)
3) A v 4 g® Direction of
H, t coefficient a |
. growth A
[}
1
/|
Direction of E; \
coefficient a
growth
g
1 ! 0 T T r T >t
Figure 8 Figure 9
Qualitative behaviour of ,ut(s) Qualitative behaviour of E,.(a)

Values of ag for different values of coefficient a are determined from (24)

In & (25)

-2 _
Ta+1 Eo

Let T be the value of point of inflection where the derivative of Et(s) changes its

a3=

sign. Tis determined as follows:

a+l (28)
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or

1
[ln E_o] a+l
Eq

So, for T = 20, E, = 1000, E; = 100, we have:

for a=0.5 ag N 0.012 TR 11.5
for a=1 ag N 0.0057 T N 13.2
for a=2 agz N 0.00057 TN 15.15
for a=3 ag ~ 0.000043 T N 16.24
for a=>5 ag ™ 2x 1078 TN 17.4

(7)

So by choosing the value of coefficient a and by calculating the value of ag we

can determine curves corresponding to hypothesis 3 or 4. It is clear, however,

that these curves will be non-symmetrical ones and values of a more than 2

gives us curves for 4th hypothesis description. If values of a are less than 2 (a >

0) we will construct curves for third hypothesis.

4.6. Examples of calculation E®) and E{4

Let us fix again T = 20, Eo = 1000, Er = 100 and calculate Et(s) and Et(4)

being chosen a = 1 for third hypothesis and a = 3 and 5 for fourth one. Results

of calculation are given in Table 3.
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Table 3. Values of Eés) and E,_("')

E®), 7=132 EM), r=16.24 EM),T =174
t a=1, o 0.0057 a=3, a=0.000043 a=5, az=2x108
0 1000 1000 1000
1 994 999.9 1000
2 977 999.7 999.9
3 949.5 998.8 999.9
4 . 912.0 996.3 999.8
5 865.9 991.0 999.4
6 B812.8 981.5 998.3
7 754.2 966.0 995.8
8 691.8 - 942.7 990.6
9 627.3 909.9 981.1
10 562.3 B865.9 964.7
11 498.3 810.0 938.3
12 4386.5 742.0 898.1
13 378.0 663.0 840.6
14 323.8% 575.3 762.7
15 273.8 482.6 663.8
16 229.1 389.4 546.8
17 189.4 300.6* 419.6%
18 154.9 220.7 294.1
19 125.2 153.3 184.0
20 100 100 100

The asterisks on this table correspond to points of inflection. Corresponding
curves E(s) and E,_(“) for these cases are shown in Figure 10.

1100
1oooT o

900 4 '\‘\
800 +

9\
700 4
600 - *\\\ i\\
E(t) 500 4. \
400 + ‘\\\

+

300 + e
200 + ‘\\\§:§§
100 4 -
0 : : : : |
0 5 10 15 20 25
TIME

Figure 10. Calculated curves for hypotheses 3 and 4
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4.7. Summary

The above given description of ways for exogenous calculation of the
annual amount of reduction of a country's military expenditures in relation to
the BLS was done for the case when Eg is fixed. Figure 11 contains calculated

curves for all hypothesis.

1100
1000 ~mee g6

900 1 “. O~

800 1 E\R;:\ AN

700 4 \ G‘\.\ \
E(M) 600 \'\ ™

500 -

400 -

/
/’“/

2
300 + .\'\:\:E\
200 + A
1004 ’ |
0 ! : | 20 25
0 5 10 15

TIME

Figure 11. Calculated curves for all hypotheses.

Formulas (9, (19), (24) for calculation of Et(i) for i-th hypothesis can be used
also for calculation when Eg is not fixed. However, in such cases we need to be

careful when values of corresponding parameters are determined.
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