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ABSTRACT

NHorthwest will be 2 strategically key region for the economic development
of China in the early next century. The Macruv-socioeconimic Model--SD for
a northwestern province (abbreviated to MAJEM~SD) has been built. The
main purpose of the model is to research into the internal and external
conditions and the proper policies which are necessary to realize the great
goal in 2000 set by the People's Government of the province. The model
further exhibits prosvects for the province in the next century and put
forth some potential nroblems that should be paid attention to.

INTRODUCTION

9trategic shift in China's economic construction to Northwest will start
in the early next century. The Institute of Systems Engineering of Shang-
hai Jiso Tong Universzity has taken the responsibility for giving opinions
in an advisory capacity on the socioeconomic development of = northwestern
province by 2000, In order to complete this important and glorious task,
we have built the MAJEM-3D., Systam Dynemics method ix Suitable for saou-
lar, dynamic and strategic analysis and resesych. There have been many
successful 3D models in the world, But in China the method 18 in its ine
fancy and there is no precedent to go by. We have made serious prepari~
tions in three aspects for the model. First of all, we probsd the theore-
tical basis and methodology of 3D, studied some world-famous 8D mcdels and
made a program for the model with Fortran~77. Secondly, we studied macro-
economic theory. Thirdly, we gathered data about the province. We have
been to the province four times and visited a lot of places of the prevince,
80 we had much first-hand information. Using Delphi method, we asked many
noted aspscialists and professors on the development of the province. Only
through hard work have we basically found out about the history, the cur-
rent situation and the gosal in 2000 of the province. We have alsc made
out the present status and its evolution of the province!s population,
geographical environment, rescurces and climate etc., especially we have
graspaed the 3ix major factors restricting the development of the province.
They are 1) the lack of capital in construotion, 2) the long transport
distance caused by the large ares, 3 the irvational distribution of water
resources over raglons and seasons, 4) the poor infrastmoturs, %) the
Shortage of scientific and tichnical workers, 6) the uncerteinty of work-
able reserves of resources.
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THE PURPOSES OF THE MODEL

There are two main purposes for the model. One 13 to research into the
internal and external conditions and the proper policies which are neces-
sary to realize the great goal in 2000 set by the People's Government of
the province. The other ia to look shead to the next century and to in-
dicate some potentiaml problems that should be paid attention to. In the
long run, the province's sconomic construction before 2000 i3 in prepara-
tion for the rapid development at the beginning of the next century.
Therefore the second purpose of the model is not only natural, but also
necessary, '

According to the purposes of the model, we use the model for solviay the
following problems, taking account of the six major restricting factors:
~-- t0o probe the demand for capital in developing the province's econony,
-=- to probe the rational scale in developing transportation and the pro-
per proportion of the investment in transportation to the total investment,
-—- to probe the Iinfluence of the limltation in water resources upon the
province's economic development and analyse the eftect of ralsing water
utilization coefficient,

-—- to predict the time-varying trajectories of the province's main sccio-
economic variables under different alternatives,

—= t0 gvaluate various policies and measures by testing them on the model,
- to discuss the population problem in the next century,

- t0 probe the influences of the limitation of resources on the provin-
ce's development in the next century.

THE GENERAL STRUCTURE OF THE MODEL AND THE STAGES OF SIMULATION

A model can never solve all problems at different levels in a socioeconomic
hierarchy. The MASEM=3D, &s a province-level model, deals with only the
province's macrocosmic soclosconomic barometers. A great amount of deteiled
information about the problems at the lower levels are omitted. Only when
we have grasped the general trend in socioeconomic development and the
concrete values of main variables, can we better study and solve various
concrete problems at the lower levels,

Our model oconsists of five subsystems., They are industry subsystsm, agri-
culture subsystem, transportation subsystem, population subsystem and re-
sources subsystem. The five subsystems are indispensable to the model with
the above functions. The atrategic goal of the province in the last two
decades of this century is to raise yross industrial and agriculturnl out-
put value 6~fold and per capita gross industrial and agricultural output
value to the medium level of China. Therefore the modsl includes both in-
dustry subsystem and agriculture subsystem. Because the long transport
distance is one of the important restricting factors, transportation sub-
system 1s included. Since pesople are the main element of socletly, popula-
tion subsystem appears in the model. Seeing that resources are the base

of economic development, resources subsystem i3 taken into naccount., In
the five subsystems exist ome hundred and forty variables, including eleven
level variables,

The whole process of simulation on the model is divided into threa stages.
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The purpose of the first stage 13 to test model utility. The time horlwon
is the 1950-1982 period. The purpose of the second stage 1s to probe the

conditions and policies indispensable to the province's great goal in 2000.
The time horizon is from 1950 to 2000. The puipose of the third stage is

to exhibit the outlook of the province in the next century and put forward
some potential problems. The time horizon is from 1950 to 2100,

THE MODEL UTILITY TEST (STAGE 1)

The model's behavior over the 1950-1982 period can be compared with the
historical behavior as a test of model utility. As regards eight major
socioeconomic varisbles, such 88 gross industrial and agricultural output
~value etc., the output of the model coincides with the historical data,

Of the 168 coupled date, the relative errors of 87% are less than 5%. Thus
the utility of the model has been proved.

THE REALIZATION OF THE PROVINCE'S GREAT GOAL (STAGE 2)

We are of the opinion that the key to the province's development is to
break through its six major restricting factors. Although there sre many
elements which will influence the future of the province, elements, domina=-
tive and fit for control, are limited, Various combirnations can te formed
from these elements. Each combination is an alternative assumpticn, cor-
responds to a poasible future situation. It is very important to test nu-
merous slternative assumptions on the model and annlyse the changes in the
results of the simulation. Now only three examples are briefed.

1) Funds Problem

One of the most importaent restricting factors for the province's develop--
ment is the lack of capital in construction., Using the mechanism of Har-
rod-Domar formula about economic growth, the funds condiction to realize
the province's great goal has been probed. In consideration of imported
overseas capital, Harrod-Domar formula about economic growth 1is as follows.

AY g9 3¢ AY
— = (=t — )(——)
Y Y Y 84¥S¢

Here Y is the annual economic output value, AY is the annual increment of
Y, so [}Y/Y represents the growth rate of the economic output value., 3,
is the annusal domestic investment, Sy the annual imported oversess invest-

ment.

Let g=e , B=-'m) ¢ =——
Y Y Sgt3e

then the formula can be simplified to

AY

=(a+B).C
Y



-1061-

where @ , B and C have their economic definitions.
Suppose that I is the accumulated investment, R i3 the total annuul invest-
ment. Then the relationship of the above ecanomic variables can he shown

in Figure 1. The corresponding equations are

Y=C.+1
({{ = Sg+3p = a¥+BY = (wii)y
1 =R
."é_. / From the sbove three equations, we can easily
\‘ - obtain
R ~ :
@ Y = c(atB)Y
+
- \ Obviously, Y will p,roﬁ axponentinlly, its
1 . growth rate can be expressoed npproximntively
L es
C
AY
Figure 1 —_—= C(GFF)
Y

Taking account of the domestic situation; we have revised the formula

slightly. This time suppose that 1 is the fixed capital, C the oatput
value per unit fixed capital, Yy the fixed capitel formation rate of in-
vestment. Then Figure 2 can be easily obtained from Figure 1 by adding

a variable. Corresponding equations are

Y
[
I

~

0«1
(SgtS¢)eY = (@tB)e Y - Y
R
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In the same way, we obtain

= Co(uwHB). Y oY

Therefore the economic growth rate approxi-
matively is

l&Y
———— = C.(¢+B) ¥y eees (1)

Y

Figure 2

From (1), we can see that to raise accumulation rate adequately, to import
overseas capital (including other provinces' capitel) boldly, to pay atten
tion to investment direction and fixed capitel allooetion for raiaing the
output per unit fixed ocapitel, to subtract the building cycle of large pro-
Jects for raising the fixed capital formation rate of investment, all of
which are the key measures to ralse the economic growth rute., Formula (1)
lays a foundation for quantitative analysing the funds condition to realize
the province'!s great goal. From the above demonstration, ws notice .that
the machanism of the formule is suitable not only to countries, but also
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to provinces and that the sconomic output can be either national income
or gross industrial and agricultural output value. 0f courses, under dif-
ferent occasions, « , B and C have their different definitions and dimen-
aions.

The People's Government of the province puts forward the great goal to raise
gross industrial and agricultural output 6~fold by 2000, That is to say,
the province's gross industrial and sgricultural output value ought to in-
crease by an average of 9.2% a year. Using (1), quantitative analysis can
be made on various assumptions. But we didn't adopt (1) directly. Rather,
we enriched it,then melted 1t into the MASEM-3D., This is because:

(1) Harrod-Domar formula only reflects the most important positive feedback
loop in the economic development, as shown in Figure I. In fuct, there are
also several negative feedback loops which represent Lhc influences of the
restricting factors and suppress the further increase in the economy.

(2) The depreciation of fixed capital is not considered in the formule.
Really, both the investment and the depreciation of fixed capital ought to
be taken into account in the macrocosmic presentation of a long-term econo-
mic process, '
(3) In the formula, C (output-capital ratio) is a constant. In addition,
this comprehensive index doesn't distinguish industry from agriculture etc.
Therefore it doesn't meet our need.

In the above three points the MASEM-3D enriches (1). The investment is
divided into three parts: the investment in industry, the investment in
sgriculture and the investment in transportation. The output per unit fixed
capital in industry is a variable, influenced hy the conditions of the model
system. Thus, the restricting effect of negative feedback loops i3 repre-
sented in the model. In spite of this, the mechanism and elements in (1)
are all included in the model. For example,

the self-financing coefficient (the proportion of selr-financing investment
in the province's gross industrial and agricultursl output value) corres-
ponds to « in (1);

the anmual investment from the outside (including the investment from the
cantral government, the overseas investment and the investment frcm the
other provinces of China) corresponds to Sy in (1); ‘

the(igdustrial fixed capitel formation rate of investment correspecnds to |
in (1);

the output value for unit industrial fixed capital corresponds to C in (1).
Because of a lot of multi-feedback-loops and nonlinear relationships in the
model, such enalytic formula, as (1) san not be obtained. Fortunstely,

the computer simulation can tell us the time-varying trajectory of the
economic development for given self-financing coefficient, annual investment
from the outside and fixed capital formation rate of investment in industry.
As regards the self-financing coefficient, three possible curves ere sa3sumed,
According to the curves, the self--financing coefficient will increase along
with the steady growth of per capita gross industrisl and agricultural out-
put value. As regards the fixed capital formation rate of investuent, two
possibilities are assumed. In the first case, it will maintain the provin-
ce's average level in the past thirty-odd years. In the second cese, 1t
will increase to the current average level of Chinu by L9, then muintuin
a conatant,

As to the investment from the outside, several amounts in time serles are
assumed.
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Because the output value per unit fixed capital in industry is a variable,
nine combinations of the above three elements are assumed, 43 an zlterna—
tive, every combination is tested on the model without any change «f the
other conditions in the model. Ny analysing the changes in the mocdel out-
puts, the following conclusion can be drawn.

(1) In order to guarantee that gross industrial and agriculturnl on tput
value can be increased 6-fold by 2000, the accumulated investment in the
province within the last two decades of this cantury must be highe; than a
lower limit. For the sske of raising funds to develop the economy, the
province can tap many-sided financial resources, For instance, the province
can '

- gtrive for the support of the central government, _

—w= open to the entire country as wel! as to the outside world s0 aas to in-
port overseas investment and the other proviness' investment,

== ralse funds from the community's idle money,

- get up such kind of enterprises which can bring about more profit in
order to strengthen the self-financing capicity.

(2) Great importance should be attached Lo the raising of economic benefit
and the taping of the latend powsr of existing enterprises. For example,
when we keep the gross industrisl and agricultural output value in 2000 un-
changed, and alter the fixed capital formation rate of investment from the
first case to the second case, the model output indicates that the accumu-
lated investment within the twenty years can be cut down nearly by four
billion yuan.

2) Transportation Problem

Transnortation system has long been known as economic arteriss., Transpor-
tation, industry and agriculture are interdependent. The long trensport
distance caused by the large area is a consplcuous restricting factor for
developing the province's sconomy. At present the development of industrial
and agricultural production is suppressed by the existing transport capao~
city., Therefors, the developing transportation will certainly promote the
development of industry and asgriculture., 1Is the more investment in trans-
portation the better? QObviously mot. Because the funds for construction
are limited, both the surplus and the insuffciency of trensport capacity
are not expected. FPFor the sake of probing the proper proportion c¢f thg ine-
vestment in transportation in the total investment, soveral proportions are
assumed and tested on the model. The outcome shows that with the increase
of the proportion, the transport capascity will increase, but only when the
proportion goes up 1.8 times comparec with the average in the past 30-odd
years, does the gross industriel and agriculturel output value in 2000
achieve its maximum. Thus a proper prroportion has been found,

3) Water Resources Problem

Water resources has long been known as economic lifeline. The production
of industry and agriculture and the people'!s daily life are all daependent
on water, What extent will the provice develop to? How much wealth can

be created? The first decisive factor for this is the province's water
congervancy. The water resources in the province are limited., 1t i3 their
characteristics that they are rich in population, but poor in area; their
distribution over the seasons is not even, in spring the shortage of water
i8 serious. Many barren lands exist in the province. Whether they can be
opened up depends mainly on water., There are two ways to solve the water
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problem, One i3 to develop new sources of water., The other is to economize
on water and make rational use of water., But there 1s not much rocm for
developing new sources of water, In addition, the water utilizaticn coef~
ficient is comparatively low. Therefore, the second way is obviously more
important than the first way. Now 95% of developed water resources is used
in agriculture. In view of the above reason, the effect of raising water
utilization coefficient on the province's agriculture is emphasized in the
model, The simulation tests point out that if the coerficient can be gra-
dually raised 1.5-fold by 2000 from the current value, then the provinca's
cultivated area in 2000 can be expanded 1,4~fold and the gros3 agricultural
output in 2000 can be increased 1,3-fold as compared with those in 2000 un~
der the present constant coefficient,

The threc main restriciing factors have been discussed. In fact, as to

asvery restricting factor, measures can be found to broak it through. Many
altermatives are formed by combining these measures. A recommordable alter-
native has been found by means of tests on the model., By contrasting and
analysing the model outputs under different alternatives, it can be disco-
vered that the great goal in 2000 set by the Paople's Government of the
province is neither too high to reach, nor easy to realize., It 1s attain..
able under certain conditionsa, The main conditions are as followS.

(1) The provice should open to the entire country as well as to the outside
world and reform the existing economic manesgement sys3tem,

(2) The provice should bring the population under control and make the growth
rate of population lower than 15%. .

(3) The accumulated investment within the last two decades of this century
should exceed the above minimum,

(4) The proportion of the investment in transportation should be raised about
1.8-f0ld as compared with the average in the past thirty-odd years,

(5) The developed water resources should be incrensed 1.25-tfold and the water
utilization coefficient should be raised 1,.5-fold compared with their pre-
sent values,

(6) The province should make great efforts to develop sducation sc that in
2000 the scientific and technical workers will increass 5.4~fold compared.
with those at present. ) '

Figure 3 shows the simulation output under the recommendable alternative.

The definitions of the letters used tc identity variables in Figurs 3 are

as follows.

developed water resources (water units/year)

population (population units)

cultivated area (areas units)

gro3s industrial and agricultural output value
(output value units/year)

per caplta gross industrial and sgricultural output value
(output value units/porson/year)

annual extraction yield of nonrenewable energy resources
(energy resources units/year)

transnort cavacity (trznsport capacity unita/yeer)

scienrific and technicel workers (population units)

= o kU=

w3
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Figare 3

PROSPRCTS FOR THE NEXT CENTURY (STAGE 3)

Forecasts are usually needed in making a long-term program for socloeconomic
development. Because great inertia exists in socioeconomic systems, a long-
term program should be made in advance, 1f controls are never applied until
some harms can be perceilved, then the situation probably will be worse be-
fore its turning point., The simulation in the third stage is besed on this
point of view. 3ocioeconomic systems are known a3 "soft systems" due to
their great uncertainty. The longer the time, the great will be the uncer-
tainty. Therefore, it i3 impossible to predict the accurate values of so-
ciloeconomic variables in the next century. But it i3 nossible to 3tudy that
what results are produced under certain conditions and changes. In the
third stage, the way of "if ..., then ..." is repeatedly used in studying
somo potential problems in the province's development during the n2xt cen-
tury. Now only two important and interconnected problems, population pro-
blem and resources problem, sre reviewed.

1) Population Problem

In the whole country, the population problem has been paid special attention
to, and 8 3series of powerful measures have been taken. But the province is
the region inhabited by the minority nationalities, Therofore the provin-
ce's nopulation problem has 1ts specific characteristics. In the past
thirty-odd years, the province's annual population growth rate was higher
than double that of the whole country within the same period. In these
years the province's economy has been greatly developed, but the population
growth was too fast, the economic growth was greatly offset by the popula-
tion growth, the living standard of the people was increased slowly.
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The population problem is a major problem which affects the cverall soclo-
economic situation. In addition, there is a delay in the population control,
30 it i3 especlally necessary to make a plan for the total pcpulation and
control over the population. To have control over the total population is
no more than to have contrul over the crude growth rate of pcpulation nnd
the annual net immigrants. As regards the crude growth rate of ths provin-
ce's population in the next century, three possibilities, l4.1lks, (0.0%0
and 7.0%, are assumed. It is another major characteristic in the provin-
ce's population history that average annual net immigrants were numnerous.
Therefore, as to the annual net immigrants in the next century, four possi-
bilities, zero, one hundred thousand, tw hundred thousand and thrse hund--
red thousand are assumed. The time-varying trajectories of the province's
population in the next century under different conbinations cf the above

two control elements can be obtained from the MASEM-3DL. The following is

a 1list of the province's population in 2100 under all possible conbinations.

the populatioﬁ the net an-

in 2100 migl immi-
. (population '~ _grants . O OK
e )\\ 0 100,000 | 200,000 | 30,000
crud growth rate T . _
14.1%. 7.021 9.249 11443 13.637
10,0%. 4,695 6. 405 8,123 7.809
7.0%c 3. 496 4,933 6.372 7.812

N

These results of simulation can be provided fcr reference in making the po-
pulation plan and policies.

2) Resources Problem

Natural resources are a congenital foundation of a country. According to
the total reserve, China abounds in natural resources, but according to the
reserve per canita, China is poor in natural resources. It can be salid that
China will be faced with a serious amituation on the rsaources problem.
Under such a background, the influences of the limitation of resources upon
the province's socioeconomic development in the next century are probed.
The growth of material wealth is promoted by social progress and technical
development, at the same time it will be certuinly suppressed by the physi-
cal limits of resources, such as nonrenewable energy ruasources, water re-
sources and cultivable area etc. Now the developed water resourcss are
making up 56% of the total water resources, the cultivated area 32% of the
whole cultivable area. The total ressrve of nonrenewnble enargy resources
is uncertain, but its series of annual extraction yield obviously coincide

with certain exponential growth.

Using "“Sconario! method, various conditions, for example, different amounts
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of the total reserve of nonrenewable energy resources are assumed, Of courss,
the basic hypothesis in the third stage 1s that the model of the province's
soclioeconomic development in the late this century will be msintaired in
the next century. That 1s to say, no influences of new technical revolution
will be introduced into the MASEM-3D, The following iy a specifieation of
the symbols of simulation conditions.

NRI/I;OO renrasents that the total reserve of nonrenewable enargy resources
is assumed to be 400 (reserve units).

ENRR/2% represents that the annual growth rate or the provirce's supply

of nonrenewable energy for the whole country is assumed to be 2%.

IMIR/lO BL4 represent3 that the anrual net immigrants in the next century
are assumed to be 100,000,

NIC/lh.l%o represents that the crude growth rate of population in the anext
century is assumed to be 14.1%. .

Others are on the analogy of this,

0f a lot of simulation outnuts,only three scenes are shown below. In these
graphs, the ordinate is omitted purposely, because what we want to emphasize
is behavior trends, rather than concrete values. In the graphs, letter "R"
represents the remaining reserve of nonrenewable energy resources, "A" the
gross sgricultural output, and *I" the gross industrial output,

Scene 1: NRI/200, ENRR/2%, IMIR/O, NRI/14.1%.
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Scens 3: NRI/2000, ENRR/3%, IMIR/30.Eh, NIC/14.1%
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The above three scenes are the results under the basic hypothesis and cer-
tain conditions, They may not necessarily turn out in that way. In spite
of this, by comparing and anslysing them, the following important enlighten-
ment can be obtained. .

(1) Without new technical revolution, the limitation of resources will re-
strain the further growth of the economy. No matter how rich the reserve
of resources isy; it is still limited. The richness of resources can never
change this general trend, What It can do is only to put off the breakout
of restraining effect and win a valuable pericd of time for us to meet the
challenge of new technical revolution.

(2) Bnergy is the important guarantee of the continued growth of the eco-
nomy. The traditional 1industry is dependent on energy. With the process
of industrialization, the demand for energy will be more and more, but the
nonrenewable energy resources will become exhausted. Such a contradiction
will be sharper and sharper. If there is no breskthrough in new energy
sources, it will certainly restrain the development of industry.

(3) Water resources and cultivable area are limited resources. Ir the pro-
vince, the restraining effect of the former will appesar earlier than that
of the latter. 30 water will be the first barrier to restrain the develop-
ment of new farmland. In addition, the yield per unit area can nct be in-
creased infinitely. If there is po breakthrough in biogenetic engineering,
these factors will suppress the growth of traditional egriculture.

(4) If the growth of population doesn't coordinate with the economic deve—
lopment, the province will follow the same old disastrous road, that is to
say, the achievement of economic development will be sgain offset by the
overquick growth of population.

I
{ Figure 6

{

1360

Thus it can be seen that the province's economic construction should be
divided into two steps. The first step is to realize industrialization
within this century, at the same time keep a close watch over the new tech-
nical revolution. The second step is to use the achievements of rew tech-
nical revolution in the world directly, build a series of developing indus-
trial branches, including biological industry and microelectronic industry
etc., make new contributions to bringing about the continued prosperous .
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economy in the provinoe and making Chinn join {nto Lhe ronks ol d(we_lo;md
countries.
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