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EVALUATION MODEL OF TECHNOLOGICAL AID POLICY
TO DEVELOPING COUNTRIES

ABSTRACT

A mathematical model and the analysis procedures based thereupon are
proposed to evaluate the policy for technological aid to the developing
countries. This model may be considered mathematically as a generalization
of Lotka-Volterra model, Gause model and Leslie-Gower model and has a

more flexibility for stability and sensitivity analysis. This model may

be useful in providing a foundation of energy or resource economics as
representing the material flow in physical terms. The method proposed

here is applicable even when the availability of data is limited and

rather provides a tool for parameter estimation by generating various
possible trajectories. This method is shown to represent and explain

the complicated nonlinear relationship between the developed and developing
countries in the decade around the oil-crisis. Hence it is expected

useful in predicting the industrial behaviour, classifying the technological
qualities in the devleoping countries and evaluating possible changes of
policies.

Keywords. Linear differential equations; parameter estimation; stability;
energy control; technological aid; appropriate technology.



1. INTRODUCTION

Evaluation of technological aid to the developing countries is not
only a serious problem from a practical point of view but a challenging
problem from a theoretical point of view. As the economic theory has
been developed in and for the industrialized countries, behaviour and
causality of industry in developing countries remain unclear and their
data are unavailable. Our theoretical approach starts with the recognition
of this fact and attempts to provide a tool for identifying them as well
as a tool for theoretical analysis.

Several literatures are available regarding the developing economy
or the economic relation with a developing country in general from a
techno~ecnomic point of view [Baer (1976), Heal (1976) etc]. On the other
hand few theoretical attempt has been done for technological aid to the
developing countries except informal observations [Desa (1978), Rao (1978),
etc.]. Furthermore the evaluation of technological aid has not been
tackled so far. This paper challenges this problem by proposing a method
which does not necessarily require the availability of well-organized
timeseries data.

This method is based on a set of differential equations whose special
form was proposed for biocybernetical systems. It is known that the
applicability of the differential equation approach to social systems is
quite limited because this approach generally requires the high availa-
bility of well-organized data and excludes the multiplicity of variables.
But this paper attempts to overcome this drawback of the conventional
differential equation approach. The first approximation in expressing

the behaviour of a developing country actually does not require many
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variables if the policy of the country is clearly defined (this holds with
many developing countries) and if the purpose of the analysis is confined
to the evaluation of this policy. The data availability is not necessarily
required at first, and conversely the highly developed theory of differen-
tial equations provides a tool to estimate the parameter values.

The proposed differential ‘equation system is a generalized Lotka-
Volterra equation which generates various forms of trajectories. The real
behaviour can be expressed by a set of these trajectories, and the empirical

verification will be presented below.

2, MODEL STRUCTURE

The industrialized country is, as its name, primarily interested in
the growth of industry, especially the heavy industry. The consumption
and the technology stock in the industrialized country depends on its
heavy industry. The newly industrialized country is, on the other hand,
primarily interested in developing of industry, especially the light
industry by exploitting the natural resources as its materials, The
consumption and technology'stock in the developing country depends on
its light industry. Even its natural resources production depends
indirectly on its light industry in that the facilities for the natural
resources production is imported through exchange with the products of
the light industry. Hence the newly industrialized country may well be
represented by its light industry. Hence the two-variables model may be
valid in expressing the relationship between the developed and developing

countries. Contrast between the developed and developing countries is
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so significant that the detailed difference among the developed countries

may be negligible. On the other hand the developing countries may be

clagsified into very different categories beqause their industries are

quite dependent on their natural conditions., Hence there is no universal

trangaction type over the all categories of the developing countries,

Rather, a developing country communicates mainly with other developing

countries of the same categories, forming a homogeneous closed group of

the developing countries. Such situations allow to reduce the relationship

between the developed and developing countries to a bilateral relatiomship

between M(materials.producing country) and I(industrialized country).
Figure 1 illustrates this relationship. The nodes in Fig. 1 denote

the following things.

N: the nature or natural source (e.g., land, mine, oil field etc.)

P: the simple process of the primal resources. (e.g., spinning mills,

refineries etc.)

L: the industry in M, especially the light industry.

TM: the technological resources (skilled workers, training centers,

engineers etc.) in M.

CM: the consumption in M..

H: the industry in I, especially the heavy industry.

TI: the technolegical resources (R & D man-power, laboratories, engineers

ete.) in I,

CI: the consumption in I.
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rig. 1. Relation between materials-producing
and industrialized countries

The arrows in Fig. 1 denote following flows.
N ~P: the flow of the natural materials,
P-+L and P -+ H: supply of the materials for industries.

L + CM, L » CI and H + CI: supply of consumer goods.

L =+ H: supply of intermediate goods.
H -+ L: supply of plants.

L » TM and H » T the investment for technological development,

1t
L »~P: supply of tools.

TM + L, TM + N, TM + P and TI * H: application of developed technology.

TI +TM and TI +N: technological aid.

CM +TM: the expenditure for education from household.
Some unsymmetricity exists between M and I. That is, the following
arrows do not exist in Fig. 1 because of the reasons stated below.

H +CM: the market of the developing country is protected.

TM +TI: the technological resources of the developing country is not
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transferred to the industrialized country.
CI - TI: the education expenditure no longer depends on I because of its
saturation, remaining constant.

The absence of these arrows is inessential to our model in the following
section and our formal discussion based on this model. In fact the brain
drain TM - TI may be taken into consideration. For the preciseness in

measurement these are desired to represent the material (energy or resource)

flows.

3. CHARACTERIZATION OF FEEDBACK LOOPS

The diagram of Fig. 1 contains many feedback loops. They are classi-
fied into the "single,” "double," "multiplicatively interconnected" and
"disturbingly interconnected' loops.

The single loop or the straight loop;
L +— TM and H <= TI:' the development of industries stimulates almost
straightly the technological devélopment which reciprocally advances almost
straightly the industrial development. (The time-lag is neglected here.)
L ++ P: supply of tools improves almost straightly the process in effici-
ency and quality of products. Reciprocally this advances almost straightly
the industrial development.

The double loop or the loop in respect to L or H with the effect
duplicated by another single loop in respect to L or H respectively:
L +—TM > P = L; the effect of application of TM to P is amplified or
materialized by another single loop L <> P of supply of tools.

L +-CM - TM -+ L: the effect of education is amplified or is materialized
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by another single loop L < TM of the technological investment.

The multiplicatively interconnected loop or the loops with the joing
effect between L and H:
L - TM + ¥+ P > L with H » TI + N + P »L: the application of TM works
jointly with the application of TI' That is, a combined effect of
indogeneous self-development and exogeneous assistance from abroadf

H-T -3-TM+LWithL<-+T

I the aid from T, works jointly with the

M’ I
investment from TM'
H ++ L: Though it is often merely a set of independent oneway arrows, the
both industries sometimes profit each other by exchanging intermediate
goods with the plants. However, the opposite situation could occur that
the import of plants from H arrests the level of L and that the level-up
of L threats H. In such a case the loop is the disturbingly interconnected
loop to be discussed socn.

The disturbingly interconnected loops or the loops with the effect

hindered by the other;

H+ T -+ T, + L > H: the technological aid T

I M +,TM advances TM and then L.

I
Thus, owing to this aid, H may threat itself by way of L resulting in the
negative effect proportional to H/L. Since 1 < H/L < «, this means that
the negative effect gets more serjous as L increases, If the growth of H
is saturated, H can be treated as a constant and now the effect is inversely
proportional to L,

Some loops contained in the diagram of Fig. 1 are omitted from the
above list because of their negligibility. For example, the loop
L ~ CM -+ TM +~ N > P -+ L is omitted because C, + T, is not a strong flow

M M

and such a long-chained loop may be weak as the product of the small
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amounts of flows.

A set of connected arrows, though not a loop, works cooperatively
or competitively each other.

The set of competitively interconnected arrows;
L+ CI and H » CI: the both industries supply the consumer goods com-
petitively. The competitivity may be proportional to L/H, or more

precisely TM/TI which, however, may again be proportional to L/H

4. THE GROWTH EQUATIONS
Now the growth of L and H is expressed as in (1) and (2).

2

di/dt = (a + bL + ¢L” + dLH + eH + fL/H + g/H)L (1)

dH/dt = (h + iH + jH® + KAL + 1L + mH/L + n/L)H (2

where the parameters denote the causes of growth in association with the
diagram of Fig. 1 as fellows.

a: the intrinsic po£ential power for the natural growth by the already
accumulated and existing resources (e.g., the existing levels of education
and managerial skillfulness, the existing degree of the social stability
ete,). Normally a > O but it is possible that a 2 0. Hence a >, =, < 0,
b: the acceleration rate by the "single" feedback loops L <+ TM and

L + P. 1If the overinvestment is done for TM or P, then it may hinder

the growth of L, yielding b < 0. Hence b >, =, < 0,

?

c: the acceleration rate by the "double" feedback loop L = C_ - I, * L.

M

If the overconsumption is made or the wage is not used enough for education,

it is possible that ¢ £ 0. Hence c >, =, < 0.



d: the acceleration rate by the "multiplicatively interconnected"
feedback 1oops‘L +'TM - N + P interconnected with H +—TM >N +P > L
and L +4-TM interconnected with H -+ TI q-TM -+ L. If their effects are

independent each other, d is split into dl and d, and the parameters are

2

e +e+d, and d + 0. Hence d = 0 but actually

reset as b - b + dl’ 9

d >, =, <0 for the reason to be discussed about e,

e: the acceleration rate by an arrow which is dependent exclusively on H.
That is the arrow H -~ L. As the import of plants from the industrialized
country might hinder the advance of the developing country, it is possible
that e < 0. On the other hand, if H + L is dependent on L -+ H, then

d *d+eand e < 0. Hencee > =, <0, e >0 signifies the assisting

or positive effect of the developed country on the developing country and
e < 0 signifies the hindering or negative effect,

f: the acceleration rate by the "disturbingly interconnected" loop

L?—»H can be a loop of this kind. Despite this disturbance the effect

may still remain positive with its magnitude diminished by the level of H.
The set of "competitively interconnected" arrows L -+ C; and H ~ Cp is also
relevant to this term. If H declines for some reason, the decline of
supply from H may hinder L, yielding £ £ 0. Hence f >, =, < 0.

g: the acceleration rate by the "disturbingly interconnected" lcop or by
the set of "competitively interconnected" arrows with L approximated as
constant. This approximation is valid when the growth of L is slow. As
was discussed about £, g >, =, < 0.

When the parameters are interpreted as above, all the parameters

may take any sign;

a! b’ C" d, e’ f’ g >3 =’ < 0



The similar argument makes c¢lear which parameter in (2) denotes which
loops or set of arcows and again yields
h, i, j, k, 1, m, n >, =, < 0
Its detail is as follows,
h: the intrinsic potential power for the natural growth by the already
accumulated and existing resources. It can be negative and hence
h>, =, < 0.

i: the acceleration rate by the "single'" feedback loop H«+ T If

I
overinvestment 1s done for R & D, its effect may be negative, Hence

i>, =, ; 0.

j: the acceleration rate by the '"double" feedback loop. In the diagram
of Fig. 1 no double feedback loop exists with respect to H. But a
possible double feedback loop may be H + CI > TM-+ H 1like one with respect
to L. Similar to b in (1), j >, =, < O.

k: the acceleration rate by the "multiplicatively interconnected" feed-
back loop H » TI + N+ P + H interconnected with L + TM + N> P. If their

effects are independent each other, k is split into kl and k2 and the
parameters are reset as i » i + kl, 1 =1+ k2 and k -~ 0. The loop

H~> TI > TM + P -+ H interconnected with L + P falls also in this kind of
loop., If their effects are again independent each other, the parameters
are reset in a similar way. Hence k 2 0 but possively k = 0 for the
reason to be discussed about 1.

1: the acceleration rate by an arrow which is dependent exclusively on L.
That is the arrow L - H. As the growth of L may help H by providing the

intermédiate goods of high quality or may threat H by competition, 1 can

be positive or negative. If L + H depends on the supply of plants from H,
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that is, if L + H depends on H= L, then k+ k + 1 and 1 = 0. 1In another
situation L <> H falls into the category of the disturbingly intercomnected
loop and the parameters are reset as m * m + 1 and 1 -+ 0. Hence 1 >, =,
< 0. 1> 0 signifies the contributing or positive effect of the develop—~
ing country on the developed country and 1 < 0 signifies the destructive

or negative effect.

m: the acceleration rate by the "disturbingly interconnected" loop

H -~ TI - TM * L + H through which H may be disturbed by L. Also the loop
H+> L may fall in this category. The disturbance may make the effect
negative or may not be enough to do so, keeping it still positive, The

set of "competitively interconnected" arrows H =+ CI and L + CI may fall
herein with either sign. Hence m > =, < 0.

n: the acceleration rate by the "disturbingly interconnected" loops or

by the set of "competitively interconnected" arrows wiﬁh the growth of H
considered as constantl This is valid when H is saturated or the effect

of H no longer depends on its level. As was discussed about m, n >, =, < Q.

If e > 0 and 1 > 0, then the relation between the both will be called

mutually assisting. If e < Q¢ and 1 < 0, then mutually conflicting.

3

5. STABILITY AND SENSITIVITY ANALYSIS

The historically wellknown models by Lotka-Volterra, Gause and
Leslie-Gower are the special cases of the system of simultaneous equations
(1) and (2).
(i) a, 1 >0, e, h< O, b=c=d=f=g=1i=j=k=m=n-=0 yields

the Lotka-Volterra model. This normally gives a family of elliptical
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trajectories around the equilibrium, yielding the oscillatoxry stability

or the conventional gap of business cycle,

(i) a, h > 0, b, e, i, 1 < 0, c=d=f=g=j=k=m=n= 0 yields
the Gause model. This gives various trajectories, yielding the stable

or unstable equilibria possibly with the vanishing of either side depending
on the quantitative relationship between the non-zexo parameters. Note
that this represents the mutually confliéting relation.

({iii) a, h>0, e, m< 0, b=c=d=f=g=1i=3Jj=k=1=n=20

yields the Leslie-Gower model. This gives the closing spiral trajectory
converging to the stable equilibrium.

In the general case the trajectory, its oscillation and convergence,
the equilibria and their stability can be analyzed without solving the
differential equations (1) and (2) by the following computational proce-
dure.
step 1., Determine the present locations (the initial conditions) of L and
H. Let it be (L, Hb).
step 2. Calculate dL/dt and dH/dt at L = L0 and H = HO respectively.
step 3. Locate (Lt, Ht) by using (LO, HO) and the values of the deriva-
tives at this point. Repeat this process for t = 1, 2, o=,
step 4. For the sensitivity analysis, take another initial condition
and follow the same process.

If only the conceptual scheme is needed, the following manual pro-
cedure may be sufficient,
step 1'. Determine where dL/dt and dH/dt are positive, zero and negative

respectively by solving the equations dL/dt = 0 and dH/dt = 0 separately

according to (1) and (2) respectively. This information determines where
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each of L and H increases, remains constant or decreases respectively.
step 2'. Draw a contour of the derivatives values of each of L and H.
step 3'. Determine the present location of L and H.

step 4'. Draw the trajectory starting with the present location and
moving in the direction of the derivatives values. Continue it.

step 5'. For the sensitivity analysis, take another starting point and
follow the same procedure,

The procedure of step 1' divides the whole space into the several
sections in each of which a trajectory behaves very differently. If the
present state is located in a wrong section by observation error, the
whole conclusion may be completely misleading. To avoid this, the sensi-
tivity analysis or the robustness analysis of step 4 or step 5' is
absolutely needed. |

Another kind of sensitivity analysis is also important from a policy-
analytical point of view. This is done by varying the parameters. The
values of the parameters depend on the policy and the social state. As
the social state itself could be changed by the proper policy, the values
of the parameters could be said dependent on the policy.

Varying the parameters means shifting from one trajectory to another
trajectory, This means, in a certain situation, shifting from an asymp-
totic trajectory toward a stable equilibrium to another asymptotic
trajectory toward a stable equilibrium, shifting from an oscillatory
trajectory to an asymptotic trajectory toward a stable equilibrium or
shifting from an oscillatory trajectory with a certain cycle to another

oscillatory trajectory with another cycle.
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6. PROCEDURE FOR POLICY EVALUATICN

Always the serious problem of mathematical models is their applica-
bility. Especially the problems how to quantify the parameters and to
locate the present state In a quantitative way are quite difficult.
However, our medel proposed above can be free from this difficulty with
the aid of the two kinds of sensitivity analysis. When the data is
unavailable, the following procedure may be useful.
step 1. TIdentify the past trajectory by using the data on the past
behavior. This possibly contains some catastrophic shifts of trajectories.
step 2. Express this trajectory as a collection of several segmented
trajectory curves,
step 3. Identify the values of the parameters of these segmented trajec-
tory curves.
step 4. Examine the validity of these parameter values.
Here the validity means the fitness with the past data or, if statistical.
data are unavailable, the interpretability of the parameter values and
their changes.
step 5. If the result of this examination reveals these parameter values
are invalid, this indicates the model itself is invalid. If it reveals
they are valid, then go to step 6.
step 6. Extend the last segment curve for the future forecasting. If
the forecasted trajectory is satisfactory, go to step 7. If unsatisfactory,
go to. step 8,
step 7. Examine whether the present values of the parameters are
expected to remain stable or not. If so expected, the future is expected

satisfactory and the strategy is to prevent their changes. If not, go to
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step 8.
step 8. Seek the strategy to vary the parameter values toward the desir-
able ones by some control.

For the last but the most important remark on the policy evaluation,
it must be noted that the most controllable factor in the diagram of Fig. 1
is the technological aid TI in that it alone is under the direct administ-
ration of the government., Hence the level of TI is the direct result of

policy.

7. MATERIALS PRODUCTION DEPENDING COUNTRY

In the foregoing section the light industry L represents the
materials producing country M. This reflects the strategy of the newly
industrialized country (or the middle income country) which promotes
industrialization. However, many materials producing countries remain
dependent on the materials production and are still interested primarily
in the materials production increase. In such a situation the strategy
is to raise the level of P instead of L. Thus the analysis must be

devoted to the expression (3) instead of (1).
de/dt = (o + pP + qu 4+ rPH + sH + tP/H + u/H)P (3)

where the parameters denote the causes of production increase in associa-
tion with the diagram of Fig. 1 as follows.

o: the intrinsic potential power for the natural growth by the already
accumulated and existing resources, When mines are young, o > 0 but when

mines are old, o £ 0. Hence o >, =, < 0.
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p: the acceleration rate by the "single" feedback loop P <= L and
P TM. Note that, when the wealth of country largely depends on P, the
level of T also depends primarily on P. p 2, =, < 0 according as the

oy

investment for L or TM is properly done or not.

q: the acceleration rate by the "double" feedback loop P =+ Ty>L~>P
the effect of which is "doubled" by P+ L. gq >, =, < 0 according as the
investment for TM and L is appropriate or not.

r: the acceleration rate by the "multiplicatively interconnected" loop
P+ H+ L~ P in which P and H cowork. Normally r 2 0 but possibly r < 0
for the reason to be given in discussing about s.

s: the acceleration rate by the feedback loops P - H - TI-+ TM-+ P,

P> H+T_» N~»>Pand P+~ H> T_~» T -+ N-+ P, Actually their effect

I I M
depends very little on P because, if the industrialized couﬁtry I is
developed highly encugh, TI depends only on the éulture in I. WNormally
s = 0 but possibly s S 0 because TI may be inappropriate to the materials
production country M. If their effect depends on P, they contribute to
this term with parameter r. Then the parameters are reset as r =+ r + s
and s + 0. Hence s > =, < 0,
t: the acceleration rate by the loops discussed about s if their effect
is disturbed by H or, what is almost the same thing, by TI while it is
dependent on P, This disturbance may make t negative or t may remain
positive despite this disturbancé. Also possibly t = 0 for the reasons
given in discussiﬁg about u, Hence t >, =, < 0.

u: the acceleration rate by the loops discussed about t if their effect

is disturbed by H and is almost independent of P. As was discussed about
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8. AGRICULTURE DEPENDING COUNTRY

The similar but slightly different argument holds with the agri-
cultural production depending country. In this case the light industy
L is excluded from country M and is not included in country I. The
heavy industry H and the light industry L may be located in two distinect
industrialized countries (a highly industrialized country and a newly
industrialized one) but it 1s assumed here, for the simplification,
that both are located in the same country I. This simplificatioﬁ does
not damage our analysis because our analysis is concerned with the
relationship between the representatives pf the both sides of the
developed and developing countries rather than the relationship among
every country.

Now P is replaced with dgriculture-A, and L shifts to the right,
resulting in Fig. 2.. The resulting equation to replace the equation (1)

is omitted to avoid the trivial extension of the foreging discussion.

9, EMPIRICAL VERIFICATION

Figure 3 illustrates.a simplified or "ideal typus" behaviour of the
developed and developing countries with a, e, g, 1, n.< 0, b,, 1 » 0 and
¢, d, £, h, j, k, m= 0, Note here that .e < 0 and 1 < 0. This signifies
that the relation between the both sides is mutually conflicting. Many
arrows are responsible for this due to their inappropriate level of flow
or their inbalance. One of the clear reasons for this is that the arrow
of technolégical aid is very weak.

The parameter signs which signify the basic structure remain
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unchanged for a relatively long period but the parameter values tend to
change relatively often. 1In the decade of 1970's, the intensive tech-
nology innovation for energy conservation reflects in the drastic change
of the parameters wvalues in the late 1970's.

The "ideal typus'" generates several types of trajectories as denoted
by TO - T4 in Fig. 3 where TX' denotes the extension of trajectory Tx
after the change of parameters values as the effect of the rapid tech-
nology innovation in the mid and late 1970's.

Trajectory TO: conventional business cycle. Tl: in the early
stage the both grow nearly proportionally to north-east; in the middle
stage a crisis (oil crisis) makes the former sharply decline and the
latter grow to north-west; in the third stage the former recovers much
more quickly than the latter. Tl': the change of parameter values.by
innovation in energy technology or so shifts the conventional cycle
pivot. Tz: basically same as but more amplified than Tl' Tz': the
change of parameter values turns the trajectory back to north-west.

T3 : the same as T2' without the change of parameter values. T3°: the
change of parameter values turns the trajectory again to north-west.

T4: the developed country just continues declining while the developing
country just grows. TA': the change of parameter values turns the
trajectory Eack to '1‘3 or T2 oY even Tl' T4 may be desirable to a side
of L but some control (e.g.,, innovation in energy technoclogy) may hinder
it.

As the econoﬁy generally grows almost monotonically in time, it may

be desired to normalize or deflate the economic statistics by dividing it

by a proper variate or by subtracting a proper variate from it. Otherwise
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the first approximation would be merely the monotone growth, and the second
term for the variation around the growth trend would sometimes be negligible
as compared to the first term of the growth trend. For this reason the
variates are normalized and hence the ratio appear in Fig. 4 - 7,

While Fig. 3 illustrates an "ideal typus,' Fig. 4 provides its real
example in the growth rate of ihdustrial production. The three countries,
Malaysia, Canada and Australia which supply materials except oil to.Japan
follow trajectory Tl or Tl'. Even the two high technology countries
{Canada and Austria) follow Tl’ indIicating that our model holds with the
material producing countries whether developed or developing. Saudi Arabia
which is a top oil supplier to Japan follows T4' in texrms of theAexport
surplus ratio ( = (expt - impt)/(expt + impt)) in Fig. 5 presumably due
to lack of high technology. Fig. 6 is obtained from Fig. 4 by replacing
Jépan and the Japan-related countries with U.K. and the U.K.-related

codbuntries respectively, resulting in T Fig. 7 is its French version,

1°
resulting din T4. Fig. 4 - 7 altogether prove that the family of trajeec-
tories generated by the single set of equations depicted in Fig. 3 has
somewhat general power of explanation.

The parameters a - n can take any signs and any numeric values in (1)
and (2). Substituting arbitrary signs and values there generates other
"ideal typus" different from the one in Fig. 3. Every possible "ideal
typus' can be tried in this way. However, in the effort made so far; the

one in Fig. 3 generates the most reasonable trajectories which fit the real

data.
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10. CONCLUSION

A mathematical model is proposed to evaluate the technological aid
to the developing countries. The merit of this model is not necessarily
to require the high availability of data. The proposed procedure proves
quite useful to identify the real behaviour of the developing countries.
The oscillatory behaviour of the developing countries is shown represented
well by this model,

The model presented herein claims that the conflicting relation is
the basic structure between the developed and developing countries.
Despiée this basic structure, however, it also explains both the seemingly
mutual assistant relation inbetween in the early 1970's and the seemingly
cyclic relation inbetween in recurring to the point of the early 1970's
at the end of 1970's,

Many factofé may be responsible for this conflicting relation.
Clearly one of the reasons for this is that the technological aid is
so weak that the accumulated stock in the heavy industrial sector in the
developed country does not flow back to the developing country. Even
conversely, the high stock in the developed country gives rise to rapid
technology innovation in the developed country, resulting in a more
favourable situation to the developed country.

This model is adequate to represent the eﬁergy or resource flows
but, due to the unavailability of such material flow data, this model can
at present be verified only in economic terms. However, it derserves
noting that a series of the recent energy analyses (Kawakami, 1981; etc)
revealed that the energy value of a commodity is nearly preportional to

its price. This discovery implies that the analysis in economic terms
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approximates the analysis in energy terms. This justifies our verifica-
tion above., Some explanation may be needed about the energy value; Every
commodity is measured how much energy it can produce or save or it

consumes in its reproduction. In this way it is measured in energy terms

as it was once measured in gold.

- 20 -



REFERENCES

Baer, W. (1976). Technology, Employment and Development: Empirical
Findings. World Dev., .i, 2.

- Desa., V. G. (1978). Research Co-ordination and Funding Agencies in

Developing Countries. Impact of Science on Society, 28, 2, 105-116.

Heal, G. M. (1976). The Relatiohship between Price and Extraction Cost

for a Resource with a Backstop Technology, Bell J. Econ., 7, 2.

Kawakami, J., et als. (198l). Evaluation of Consumer Goods by Life Cycle
Energy, Japan Industrial Technology Association, Tokyo.
Rao, K. N. (1978). University-based Science and Technology for Development,

Impact of Science on Society, 28, 2, 117-125.

- 21 -



-ﬁ.T;1h‘-(:M

INT

Fig. 2. Relation between agricultural .
and industrialized countries

)

drab

'

S3Tajunoa burpeiy syg

o
-5 0 5 “hgrip JAN
Fig. 4L Jdapan vs the trading countries, '71-782
[%7]
%] ]
n
é =
2o
&
[~
P &
o
(&2
<
— PN
4] 5 10  esr

Fig. 5. Japan vs Saudi Arabia, '70-77

fo d1al ]

SITIIUNOD fu;pezq ayy,
S Ol

UK

-5 o)

he

b

5 *fa glp
Fig. 6. UX vs Malaysia, Sci Lanka, Syria,
Australia & Canada, '71-78

7
-5 0
Fig. 7. Franpe vs Tunisia

'71-78

5% grip

=






No.

No.

No.

NO.

NO.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

NO.

No.

113

114

115

116

117

l1s

119

120

121

122

123

124

125

126

127

i28

129

130

INSTITUTE OF SOCIO-ECONOMIC PLANNING
biscussion Paper Series (1981.4~ )

Sho-Ichiro Kusumoto,

"Oon the Equilibrium Concepts in a General Equilibrium Theory with
Public Goods and Taxes-Pareto Optimality and Existence,"

(April, 1981).

Ryosuke Hotaka,
YA Meta-Database for a Database Design Method," {May, 1981).

Hidehiko Tanimura,
"A Minimum-Distance Location Model of Central Pacilities with Entropy—
Maximizing Spatial Interaction,” (May, 1981).

Sho-Ichiro Kusumoto, Kanemi Ban, Hajime Wage and Kazumi Asako,
"Rational Savings, Price Expectation and Money Supply in a Growing
Economy, " (July, 1981).

Sho~Ichiro Kusumoto,
"On the Equilibrium Concepts in a General Equilibrium Theory with
Public Goods and Taxes II -—— "Surplus" Maximum," (June, 1981).

Hajime Eto, :
"Decision-Theoretical Foundations of the Validities of Technology
Forecasting Methods," (June, 1981}).

Hiroyuki Odagiri,
“Internal Promotion, Intrafirm Wage Structure and Corporate Growth,"
(July, 1981).

Hajime Eto and Kyoko Makino,
"The Validity of the Simon's Firm-Size Model and its Revision,"
(August, 1981).

Satoru Fujishige,
"Structures of Polytopes Determined by Submodular PFunctions on
Crossing Families," (August, 1981).

Hajime Eto,
"Epistemclogico-lLogical Approach to the Validity of Model in View of
the Fuzzy System Model," (August, 1981).

Biroyuki oOdagiri,
"R & D Expenditures, Royalty Payments, and Sales Growth in Japanese
Manufacturing Corporations," (August, 1981},

Nokoru Sakashita,
"Evalution of Regional Development Policy-An Alternative Approach,"
(September, 1981). )

Takao Fukuchi and Noriyoshi oOguchi,
"A Generalization of Keynesian Macromodel; the STIC Model,"
(September, 19821).

Kazumi Asako,

"The Penrose Effect and the Long-Run Equilibrium of a Monetary
Optimizing Model: Superneutrality and Nonexistence,"
{September, 1981).

Isac Ohashi,
"Optimal Properties of Wage and Layoff Policies and the Impact of
Trade Unionism," (August, 1981).

Kanemi Ban,
"A Macroeconometric Model of Japan with Rational Expectations,"
({September, 1981).

Yoshitsugu Yamamoto and Kiyoshi Murata,

"A New Variable Dimension Algorithm : Extension For Separable
Mappings, Geometric Interpretation and Some Applications,"
(October, 1981).

Hirotaka Sakasegawa, .
"Numerical Analysis on Tandem Queueing System with Blocking,"
(November, 1981).



No.

No.

No.

No.

No.

NoO.

No.

No.

No.

131

132

133

134

135

136

137

138

139

Ikuc Kabashima,
"Supportive Participatory Model of Developrment - Political Participation and
Income Distribution in Growing Economies - " (December, 1981).

Seizo Ikuta, .
"Multistage Decision Process with Random Observations and its Applications,"
(December, 1981).

Yuii Kubo,
"Interindustry lLinkages and Industrial Development," (December, 1881).

Kazumi Asako and Ryuhei Wakasugi,
"Government Capital, Income Distribution, and oOptimal Taxation,"
(January, 1982).

Satoru Fujishige,
"fhe Theory of Semimodular Programs," (January, 1982).

Yoshitsugu Xanemoto, _
"Pricing and Investment Policies in the System of Competitive Commuter
Railways," (January, 1982).

Koichi Mera,
"National Spatial Policies and Urban Development: Lessons from the Japanese
Experience," {(January, 1982),

Hajime Eto and Xyoko Makino, .
"Thecoretical and Empirical Analysis of Differentiation Process in Technology
Gap between Developed and Developing Nations," {February, 1982).

Hajime Eto,
"Evaluation Model of Technological Aid Policy to Developing Countries,"
(February, 1982).




