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ABSTRACT

This paper presents a system dynamics model of China's
industrial -and investment structures. The dynamic behavior of
the two structures has been analyzed in the change of demand
and supply structure. The model has given special concern to
China‘'s limited rescurces and their allocation to different
industries. A resource allocation. mechanism is developed and
the external robustness of the model is examined to test: the
control of the rescurces allocation system.

INTRODUGCTION

Because of the unrealistic economic development policies from
late 50's to 70's, which led up to the inappropriate investment
allocation(referred to as investment structure below) in that
period, the industrial structure of China had become quite
unfavorable to economic development: Light ~industry, which
mainly produces consumer products, -had been neglected for a
long time. Investment in this industry had been gquite small,
and in fact, there was a downward trend in the percéentage of
light industry investment in the total investment of the
economy by 1978. Therefore, the consumer goods were often in
serious short supply. In contrast, heavy industry, which mainly
produces capital goods, expanded so quickly that the material
and financial resources could not satisfy its cverinvestment.
Some of its output was oversupplied. At the same time,
agriculture, the energy industry, the transportation industry
and the commerce sector were growing slowly. The investment in
these industries was not enough. Their growth could not meet
the needs of national economic development and since the
production in these industries affects energy, materials and
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service supplies, inefficiency resulted in the related
industries (Hong 1981). Such a distorted industrial structure
is still influencing the economic efficiency of the economy.

As we know from the history of economic development, a
coordinated and well organized industrial structure is very
important to economic development. From such an industrial
structure, we can achieve the efficiency in production, with
supply meeting demand and no shortage in materials or goods
supply. To get such a structure with 1limited resources,
appropriate resources allccatien is required to allocate
capital investment and other resources according to the demands
and the strength of these demands for the production capacity
of each industry (Liben 1984 and Kornai 1979). In history, the
Chinese economy failed to allocate its resources to match with
the demand and supply. However, in recent years some effort has
been made to adjust the structures. And as the demand and
supply situations change, further efforts are expected to be
made. This requires adaptive «change of the investment and
industrial structures, Therefore, to prevent us from
recommitting the same mistake, and also according to the system
dynamics point of view, the investment and industrial.
structures need to be adjusted to £fit with the changes in
demand and supply. Hence, it is necessary to analyze and
understand the dynamics of different industries over time and
the interactive dynamies among the dJdemand, investment and
industrial structures keeping in mind the concern of limited
resources allocation, especially in capital investment. Such
analysis is important for future policy making. This paper is
our preliminary effort toward that purpose. v

THE MODEL

To approach the problem, we build a system dynamics model of
the economic sector. The model is characterized by limited
resources allocation, in which we mainly consider capital
investment and labor allocation among different industries.
There are nine main sub-sectors in the model, which are
agriculture, light industry, heavy industry, the building
industry, the transportation industry, the energy industry,
commerce, the demand sub-sector and the accumulation
sub-sector. The classification of production sectors is
consistent with that of the Chinese Economic Almanac for the
data availability reason (National Statistical Bureau of China
1983). Figure 1 shows us the simplified system.

From the seven production industries, we get the total output
and national income, which along with other factors generates
the consumption demand and the investment demand for the final
. products of each industry. With these two demands, we get the
desired production for each industry and then the investment
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demand in each industry and the total investment demand. The
last two demands determine the percentage investment in each
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Figure 1 Simplified System

industry. The allocation of capital investment and labor ‘is the
key decision making in the model. How much to invest in a
certain industry is determined by

KOZ .KL=KO.K*DKOZ.K/TDKO.K {1}
where

KOZ -- Capital order in 2 industry

DROZ ~- Desired capital order in Z industry

TDKO -- Total desired capital order

KO ~- Total capital order available

Total desired capital order is equal to the sum of the desired
capital investment in &ll industries. Desired capital order in
a certain industry is a function of the desired correction .of
capital from production(DCKPZ) and desired correction of.
capital from capital backlog(DCKBZ). The allocation of the
labor force is determined by

LAZ .KL=NLIKZ .K*KAZ ,K*FLAAV.K {2)
‘where

LAZ -- Labor allocated to 2 1ndustry

NLIKZ -- Labor intensity of capital in 2 1ndustry

"KAZ -~ Capital arrived in Z industry

'FLAAV -- Labor availability wvalue

The allocation of resources is one dynamic interaction among
industries; the availabilities of energy supply and
transportation services is another one.. They will affect the
production utilization of other industries if the
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avallazbilitlies value are less than oné;

A prominent mismatch in demand and supply in any industry will.
cause poor coordination among the production industries, and
thus, a low production efficiency. Through ' allocation and -
interaction, - we can see that more resources will be allocated
where : they are needed more., For a industry which ‘has-a larger

difference between demand and supply and a stronger demand for

investment, more resources and investment can be obtained and

vice versa. Using this fact, the growth among industries can be

coordinated and the growth of a certain industry can be kept at

a rate that is required by its demand. ‘

I I
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Figure 2 Derivation of Desired Production Capacity

The desired production capacity is the major factor in
influencing the desired capital order of an industry. Figure 2
shows how the model derives the desired production capacity for
each industry.

The consumption demand for each kind of product or service is a
function of the average income per capita and the total
population.- The fraction of the average income speni on each
kind of product or gservice per person constitutes the
consumption structure .at an average level. This structure
changes over time as the average income per capita changes. We
get these data from existing literature on consumption demand
forecast (Shaolian 1985). From the consumption structure we
derive the consumption demand for the product of each industry.
. The consumption demand and the accumulation demand £for the
products of each industry constitutes the total final product
demand for ‘each industry. Using this fact together with the
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input/ocutput matrix, we get the desired production capacity for
each industry. .

In each production sector, there is a cobb-douglas production
function with labor, capital and technology as the main inputs.
We take technology here as an exogenous variable. Total
population ~ and labor  available are also exogenous variables.
These input data are based on the result of our previous work
(The Technical and Economic Research Center of the State
Council 1985). ' . ‘

'MODEL BEBAVIOR:
Figure 3 shows. the "capacity growth trend- of each industry in

the base run. Table 1 gives us the capacity growth rate of each
industry. ' ‘

Industries Years Ranges
and 1986-19%0 1991-1995 19596-2000 2001-2005
National Income , Average Growth Rates
Agriculture . = 6,0% 6.0% 6.1% 7.0%
Light 8.0% 7.0% 8.4% 8.1%
Heavy 6.8% 7.7% 10.2% 7.0%
Building 5.0% 8.1% 10.4% 7.2%
‘Transportation 6.6% 7.2% 9.7% 7.2%
Commerce 7.7% 7.3% 8.9% 9.0%
Energy 8.0% €.8% 3.0% 8.5%
Industries Years Ranges
and 2005-2015 2G16-2025 1986-20600 1986-2025
National Income Average Growth Rates
Agriculture 5.6% 5.1% 6.0% 5.8%
Light 6.6% 6.1% 7.8% 7.1%
Heavy 6.2% 6.3% 8.2% 7.1%
Building "6.2% 6.6% 7.8% 7.0%
Transportation 6.2% 6.2% 7.8% 6.9%
Commerce 7.8% 6.8% 7.9% 7.7%
Energy - 6.7% 6.2% 7.8% 7.2%

National Income 7.0% - 6.7%

Table 1 Averag§'9;6wth“RatesZfibm Base Run

The capacity change pattern is determined by the investment
pattern. Figure 4 shows the percentage of investment in each
industry. Because the decisions of investment and development
policies ~were not always based con the demand and supply in the
‘higstory, therefore, - the investment behavior of our model can
not always fit the historical data very well. However, by



THE 1987 INTERNATIONAL CONFERENCE OF THE SYSTEM DYNAMICS SOCITY. CHINA 671

gy Wy ey
ulnsumuuuumﬂﬂuuummmﬂﬂuﬂMmuMmﬂMﬂumuM R T R

4000
2000,
000,
20.
1

t

t

1

l

I

i

i

1

|

|

|

i

!

i

1

1

|

1

i

|
1

i

t

1

|

{

1

[

1

“+ A

- * - L} 1]
: , : : ' . =]
} : . \ . . =
1 | L] L] L} 1 x ]
aman ! _ ' ' e e e Bt
mmm&. ' 1 1 ‘ ' x '
- 1] t ] 13 1 ] = '
M.. ) ' ) + ] ] - [}
: " “ “ " n = 5%
pB o ; " " : . 53!
ok ammm ! e e ————— B L, 1 - N
pEiiggss, " " “ " B hetet- B
“MMII -l L] 1 1] ] 1] = 1] <« a 1]
u-wm ' . ' " e = :

T8

k255 " : : LT e %
d.ﬂtﬂ.!ﬂu.ﬂﬂ.-’. ' ' [ H+ ﬂﬂﬂLLﬂ 1 T
EEEEZggdd | T T T T T it i e

mwm ¢ ¢ ’ ’ = < ]

- 1 E-3- 4 1

443 ' ' ' "muuunallaﬂt X

¥ [ 1 < < -d 9 L]

TR : ceatgmacTzEiniignd=tT :
33 jscobestE -n-uumwmmmmmmnuu.-uuu ||||| R S R

Eatd ) i i

P58 Production Capacity of Comserce

g g g ¢ 4

mea, BERE Bomm B
N ' ) ' B i e o et O i e 1
it : : m : : :
L} 1 [ 1 1 1] t
‘ : b : : . \
mam | _ ' N ) ' ' ¢
8% . ' yTTTT T : - e
Wlll 1 L] 1 “ 4 1 * ]
£ ' \ : X | 20
B ‘ : : : : - L
.M.MDBDU " “ " 1 ‘ ﬂB Tmnm.
EZ .w. s — e s o o 24 e e s St o 20 Bt s o, e e " e e e e . e e o Vg -3
MWMJ m m o ; ' %n e
= : ! " I
%, m " | Do e
>235s ! - " R ==t ghey "
m.w bl “ " “ o™ ‘YTYNSS " )
R ¥
33 ! ¢ B s aa® 'Tﬂ 3 ' s
M 3 . v N Sol Y g™ had N
.m.m 5 fl ) = BTTHSSSS ‘ f : u
T eepgne eaansEEEEaBEELs " : ! L
mwa&mwmmmmmwvmm%mmmmms A% ' ' ) o
i g g g g ST
85

. Figure 3" Production Growth Trend

L

Figers 3 lcont.) Production Browth Trend



672 .Em 1987 szmxz>n.Hoz>r CONFERENCE OF THE SYSTEM DYNAMICS SOCITY. CHINA

| KA
cmandd ¥ EE :
Aetiia ¥ «- ' - —
' ) g - - . 4. - §
. ' ' M= .
¢ [ ' ’ .- N
" L] N 1 1] ) “ "
w ' ' ‘-
4 e ' [
' oW : . \ : .
ma<nt T ) J ! ' '
T ) = ' '
' T MRLTTTT ! el R e )
¢ [ W N ' -t 1 ae_w M
v . ' ' ' NP aea® Tty
- ppl iET X b e . ax® "adal
“tmm ) ! T W Taaaa e .LE&LLL ' LNﬁﬂﬂAﬂ.ﬂAﬁﬁﬁﬂﬂﬂ ' !
!.WMM N : = ' ) R w Ydddd s ' N '
e oueueros b « ! 1 ™ 1w Mw ' ' '
3 - e X s - - . [ ) o — ] A — g ]
imm..w K Loy ﬂ+ﬂﬂﬂﬂ“ﬂﬁﬂﬂ.ﬂﬁﬂ“ﬂﬂﬁﬂ cow TG Vo= 5
S8, ' w, ' ' =8 = ™) ' o
sE£EE N ,ﬁ!.l... < o ,HH ' ' M, '
J -, e mm ! ¢ W,
R I ST TR usal T B to= ' ' Y .H+
-3 - x=x ! ' 4 wae b
%1 !ﬁ25+ '« Yo + [ * . i
. gna e -0 = ' ' R ETE R = ———— b ————
. = ' N == TEESEET o = "
553 ) = o ! ' HaTaa® -
% - . N L
Cper " ; : . . .
. . ' ' . s ' '
oo et [ ' ¢ ' ' ’
EEE ' . ! ' ' s
. g g g g : g ;
3t E g ]
111 B - ® A
@
Ny, ’
— '
M ".l 4 ' " " i M
- ' ' ' . ' '
[ ' H ‘ '
' - .. ' . . ' '
' t M ' '
4 w ! ” ' ' ! '
o - ! : ‘ . . !
°G M ' ' ] " :
'
470 * ; “ " ; :
% ' '
§8 e, T “ie " u “ . ;
= ' - t [ ' ' [ '
@ e N 1 ¢ i .
28 ca—l_ + @ ' ' s ST L a
2§ e : . e oo™ S
& L] « ] - S o - —— '
nNT ¢ * ITWYYT%YTTIT ' b S " @ i
EES ' - - @ 0 PaP"® v G *
"o 0" ' e b B e : pot -0
M ' ™Y LI v * ) Ll oo e e b ! Tr..ﬂ ]
3 ' N BB, . L] ——r——— b @4
1 I . "o " e e
2] - ) N ] .
EEE 'K ." « - ' ) - . " ' .’
frapmipny @ ' A - '
4L b e . D _amemd
- ' s 'l!-+993 * 39393!.?!...‘!9!958.3.8- M
) «a ’ e ' " ' ' '
g2, aba™® ' ! o ‘ -
r S - ) N M i
ﬂ m ! ¥ D
-l BEE T B R
5 2

Figure & Percentage of Imestuent in Each Irdustry

Figure 4 icont.) Percentege of Investment in Each Industry




THE 1987 INTERNATIONAL CONFERENCE OF THE SYSTEM DYNAMICS SOCITY. CHINA 673

adding the historical policy factor into the model, the model's
historical behavior can fit the data quite well.

The investment pattern is dominated by the mechanism of demand
and supply. On the demand side, the demand structure and its
change pattern are important factors in _.influencing the
investment structure. There are many factors which can have an
effect on the demand structure. One is the fraction of average
income spent on 2 item(FRMSZ). Figure 5 shows the trend of
FRMSZ. Another is the capital accumulation demand; and the
population volume might be still another. On the supply side,
labor, capital and technology are the three factors.

In the period 1985-1995, the accumulation rate(i.e. the
percentage of national income to be used in investment and in
the inventory) will increase(see Figure 6). There is a strong
demand for capital goods; therefore, the percentage of capital
investment in the heavy, building -and transportation
‘industries(KORH,KORB,KORT respectively), which are the main
sectors producing capital goods, will show increasing trends.

With the interaction among industries and because of the
limited capital investment, the percentage of capital
investment in agriculture, 1light industry, the energy industry
and commerce(KORA, KORL, KORE, KORS) in the same period will
have decreasing trends. Over the next 15 years (1996-2010), the
fractions of the average income spent on clothes, commodities
and service(FRMSW, FRMSC, and FRMSS), which generate the demand
for the products of agriculture, 1light industry and commerce,
will increase more quickly, and the capital goods supply will
satisfy the investment demand, the value of the delivery delay
of capital order(KDDK) will become low; therefore, the demand
for consumer products will grow more quickly, the KORA, KORL
and KORS will increase; and at the same time the demand for
capital goods will become comparatively less, the KORH, KORB
and KORT will decrease. After the year 2010, FRMSW, FRMSC and
FRMSS will be almost constant, and the fractions of the average
income spent on housing and transportation{FRMSB and FRMST)
will increase. The increases of KDDK and the accumulation rate
reflect the increasing demand for capital goods, therefore,
KORH, KORB and KORT will increase again, while KORL and KORS
will be brought down after the year 2010. .

The behaviors of the percentage of investment in agriculture
and the energy industry(KORE and KORE) need careful
consideration. People " expect that KORA will experience a
diminishing trend, whereas KORE will experience an increasing
trend. However, our preliminary results indicate just the
opposite. We think the increasing trend of KORA is caused by
the demand from the large population and the high value of the
capital/output ratio. We also think that after the year.2000,



' 674 THE 1987 INTERNATIONAL CONFERENCE OF THE SYSTEM DYNAMICS SOCITY. CHINA

wmon 9 4] e 9 g 2 L
7.5?4““.“. lllllllll | e e e -1 - ——— [ ——
'
' : H 1 “ ' SSSSSSS..o
) ' ' ' wan '
! : 1 ' N SSSS-T .
..“.FFFFFFFF ) ‘ : , e : :
ey ! bt ’ ) ] “ ' [
wead, ' ey g - 1 — —_— BREPYVULLVLLLLLO
R ' ' ot [0 ) L4 == '
[ [ [ w1 i e [ U"UU“U 1
1 ) ' Y, el ' ==
' ' ' v w Y= ' '
T : : Pt ghom : "
o ' ' ' . 8 + > : '
Egtnu=-, ' S S — B ' '
M 5 o ' ' ' G ' )
e ) ' ' ' CCHHU J.F ' '
5588 : ' ' Vo =B V . .
WMWM ' ' ' Luu® = ' w ' v
Yy ' ' [T [ O ' - ' '
~zg| - Te. R Bl P — e
M} Pes r-CC ' y“ ’ ) ] '
L ' L I ' Hu-vu ' ' ' '
s el eI : : "
EESS ' N 2= 2B~ e ' ' ' ‘
.‘mA_m 5% ' o= D ' ' ' )
1N g anu=a™ ' " : : :
ek N
W g 4 ¥ ¥ g g g
RREL
w—e @E ‘ B8a566
«cxX + -— —— § - f§ 1 ———— -
S ' ] [} : ' I.-+
‘ ' : : ) , O
: ' ' X . ' a L wt
1 L] s 1 ] ] ™ EE .
e : : —— : T g
nﬂﬂz ] ' ' ' ' m”.t -
' 13 ] ] ] ﬂm +
] ] 1] . i ol L}
s 1 s : : B.”.EEEEEBB ' '
W S : : : @] ' -
. 1
mm.mma : ; pp— : Bus- S
3 35%g ' | wom ' ' - '
| = t ¥ 1 ) “ [} L} -~ 1
L]
. E88 . ! e : H '
5 ' [ w* oy ' - ' ' - s
- M-m. ] ] w . ] ] X - 1
e ¥ ' w ' . g
mmm-ﬁhMM. ' = - " " "' lll“
= w
2EETTN] wt : .W.n : - .
sy ' wo ’ @ ' Wt '
£55 0 et cmadames™"=" ; - :
3 £ 63 0 X ) 3 1 L} 1 [ 1 L)
mmmmmmms:snssann+ —— ' ' -t _—
nae o
i =% 4 g g $ H ¥

Figure 5 (cork,) Fraction of Incose Sperit-on Each lten

Figure § Fraction of Incowe Spent on Each Ites



PCOUR=R on Rate
KDDHX Miw Delay g Capital Deder 3

Recusylat i
¢ -]
ﬁ-----.---'.’-----------.------u.--

Ly
LK

19 e mmmccccncanmccedrnaferaeman s

P R R R Rt e

NByw ~~mmmmsmmemmensceodronn

' aa’*"’t!

IR
[
L
X
K
K

[
'

| LS ]
L)
[

REOMReR - Prewsolation Rate
KOMeK  Delivery hlrdbplhl
KORPH  Percentage of Investment v‘lmw!n,
KON  Percentape of }nnuﬂ-nt Iu u.n Jndustry .
. 2 4 % Sh
K 05 ) Nt L
198 == c o=~ --t-------ll--------ﬁ---I----
[ ] L] ! X
1t [ K
] L .} |3
1 i Rt
] R ¥ . K R’
[ ] [ ) 8
i H LK R
H LN] I kK L
L1 ] kK 1L
198, cr-caccacaffirorancfececccencmanna
N L |
(.. RE I
I r L I
[ 3] L R
(L | § L
[ L
1 K f L R ’ ]
[R] X ] 4]
1 K K 1 RrL I !
]n----------”--..-x--I.L.-‘------.---
] K KL R 1
] H L1 KR i
I RIL K I
t o R i
L] LAY | »
(] R L ] .
] RiK ]
M RI L 1 L3
1] RK | L t
1998, « = == = --.“.----K-‘-----(_—-----------
M L
H L L
] L
[ rL
H [} [§
LI S RL
HoR L
¥ X fL
[ L
m-.------"-*-.---.----{'---------.
H % oL
H X
W X R L
L R L} 5
M K RL
L] KL R L
[} K R L
Ht X LR
’ [} 13 L +r
F . R s .2t Rl KRl
[ O
(] KL Ik
18 KL ]
t N K L] LN
[ LK [] X
[ LR - o~
[ ] KL ]
[ LK []
t LK

L] .
[ R R el & CEEE R R R

Figers 8 Pesulis of Noise Test

Figure & Accemlation Rate and Delivery Delay of Capital Order

629 YNIHO °*XLIDOS SOIWVNAQ WALSAS HHI 40 JONAYAINOD TYNOLLYNYHINI L861 HHIL



676" THE 1987 INTERNATIONAL CONFERENCE OF THE SYSTEM DYNAMICS SOCITY. CHINA

<. X 5 =

-

LS .

A~ % m m m m lllllll tlm lllllllll m

CPBGM e P o
g ddel ¢ J | —————— ) ——————— 1 o o o o o e e 1
] y X N B 1 WV
. 1 [ . 1 ™ Ve
' N ' : [ we ww &H )
! ' cx ETEE ) ' wwY I bt o
P N ' w - =
+Rﬂ < t ("1™ [ s
] < . -3 1 d -t =
aa <, LW —— x '
mn-anwnw‘lmmaﬁﬂll § - , Ca ' EE{ e ! =x '
ue [ I —_ Crmmn | o [PPSR YT SRSUPURP. DU '
ol 1 [ ' < ) w ' - =
' « w - bt '
1 ' L w - xx™ '
r N ’ : ﬁEE bt} == 0 *
' ' ' w - =
WNIN ' ' W - T ! !
mum ' wi® ' - x ' '
.md.m 1 ' [ [ - =% 1 '
sEE= 5.&&. [ g ' UL £ ' ' '
nt,w. g B e e e e e e tm e e ) llemmlll 1 e o e e e e b e o o o e '
5 - [ w W ' Lt T ‘ ) T
&3 b e W _ aon = Tag _ .
w55 e ¢ ' - 1 T [ N
203 Ju ' ! o = +ﬂ b '
CBERE ' " ¢ - 1 ﬂnﬂ s +
rebrrds :
2335 + ! ! - "ﬂ < v '
T 7 ——— et e M, T f e T .
3 ' ==l z J g, '
. 1 Eaded !
e [l = +
' - - ' x ' = :
"w ' x - 4 < ¥
g4 - - [ = ' @
i) 1 ST LT ' = . xa )
- = ' = " ' < B
' <
= 1 L} +

Cosparati
i
Comparative
H
L

i)
PR

OoRimii
{PRESE

£
o

L} &
1 i 1]
1 1} 3 "a
1 L] m
' : D
' ' v B
1 + 1
L w ) m
g ' ‘ ' 38
. N 3 ) + )
R : _ a + =
- H.ml! t L} L} [} "l
o Es . ¢ : ¢ 3
TR i =
LR ; v ¢ 3
. Wm.h X . ' t ' 1 M
; = -y - [ 1 ' .
m 4 R N 1 i msm . 1 t " W
b 3K I 2 + w -
P BH K i + (S % s “ " “ o.n
v, ,.mh;.. ] [ .55985 BBB_T R ' ' v &
zzr BB T a4 n : ¥
-t ]
. ‘wm..m.a-l + 55555555% 0 @ . .IT ‘ + ' '
.m,m WL&S ||||||||| PR e e 1 o e e o o B e e et e 1 o e 00 o e [T S T
: v @ — . - ) o
M‘MM ; * . - L} 1 1 (3
s& T T “ “ boE
CpsE : —— . X : L
222 : . . r—r— . a
%5 : ' ' o F
i+ mt,v; i % 1} ] [} b L} L
. R [ [l H 1 N 1 ol
.WVM.‘M - m ‘‘‘‘‘‘‘‘‘ W ,,,,,,,, m ‘‘‘‘‘ Paa el —- """"" ) ll‘(""'l" -l IIIIII -
§ 3 5 g

4

PR
ot
Gt

Fipwe 7 Comparative Productivity in Each Industry



THE 1987 INTERNATIONAL CONFERENCE OF THE SYSTEM DYNAMICS SOCITY. CHINA 677

the energy supply will'not be a problem; therefore, KORE wiilv¢
not experience an increasing trend. C C A

In Figure 6, we see that KDDK reaches 1its peak and thenvf
decreases along with the accumulation rate. This phase relation. .
reflects the real situation of the' economy. When the. '™
accumulation rate reaches its lowest point, the KDDK does”noti.
This is because the capital investment in heavy industry
decreases as the accumulation rate goes down, and the
production capacity of capital goods also decreases; then the
backlog volume and the KDDK can not be reduced quickly.

In industrial structure thecry, we have the concept of"
comparative productivity of an industry which is equal to the
percentage of one industry's net product in the total national
income over the percentage of its labor force in total labor
force of the economy. It is a common phenomenon in most
developed countries that the comparative productivity of
agriculture will decrease over time, and  the comparative
productivity of heavy, light, energy and transportation
industries will éxperience increasing trends over time (2Zhi
1985). The behavior of our model is quite consistent with this
phenomenon, {(see Figure 7). The comparative productivity of
commerce usually demonstrates a downward trend in many
countries. In contrast, the results of our model show an upward
trend. These results indicate that the contribution to national
income from agriculture will decrease, while the contributions
from other industries will increase.

Figure 8 shows the results of a noise test at the accumulation
rate. This rate is subjective to noise in a real system and
often caused overinvestment in heavy industry in the past. The
noise range is from -10% to +10% of the accumulation rate. The
results show that the percentage of heavy industry investment
keeps almost the same level as in the base run and no
overinvestment or underinvestment in heavy industry will be
triggered off by the noise after 1990. The control mechanism of
the model works as well as in the case of no external noise,
These results convince us that the model has a degree of
external robustness (Coyle 1977).

SENSITIVITY ANALYSIS

Sensitivity analyses have been made from two points of view:
demand and supply. On the demand side, the fraction of average
income spent on food, on housing and on commodities(FRMSF,
FRMSB and FRMSC) are the three factors influencing the future
demand on the products of agriculture, 1light, heavy and the
building industries. The factors are the table functions of
average income per capita(AIPC). They change as the AIPC
increases. It is difficult to predict their exact values for
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the future, but by the following analyses on these parameters,
we can find out what effect they will have on the growth speed
of these industries and on that of the whole economy (Camara
1985). -

First let's look at the effect of change in FRMSF. The table
function of FRMSF in the base run is given below

FRMSF=TABXT(TFRMSF,SAIPC,100,1700,200) . - (3)
TFRMSF=.63/.61/.57/.54/.51/.48/.45/.42/.4185 (4)

SAIPC is the smoothed value of AIPC. FRMSF decreases when SAIPC
increases. It is possible for FRMSF to decrease faster than in
the base run case as SAIPC increases. When we change the table
function to the following,

TFRMSF=.63/.61/.51/.44/.41/.4086/.4073/.4059/.4045  (5)

the growth rate of each industry will look like what is shown
in Table 2. Compared with the base run results, we find that a
quicker decrease in FRMSF will cause the average growth rate of
agriculture to decrease further in the future, and the average
growth rates of heavy and transportation industries as well as
commerce will have larger values. However, in the long run, the
average dgrowth rate of national income will not be influenced
significantly.

Industries Years Ranges
and 1986-2000 1986-2025
National Income Average Growth Rates
Agriculture 5.6% 5.7%
Light 7.7% 7.1%
Heavy 8.5% 7.1%
Building 8.1% . 7.0%
Transportation 8.2% 7.0%
Commerce 8.9% 8.1%
Energy 7.8% 7.3%
National Income 7.0% 6.7%

Table 2 Results to the Change of FRMSF

If FRMSF takes an even sharper diminishing trend, 1like the
following,

TFRMSF§.63/.61/,51/.41/.33/.3288/.3276/.3264/.3252 {(6)

then the average growth rate of agriculture in 1986 - 2025 will
be 5.4%. Again, the average growth rate of national income will
not be significantly altered in the long run.
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Secondly, let's look at the effect of change in FRMSB. The
following is the table function of FRMSB in the base run.

FRMSB=TABXT(TFRMSB, SAIPC,100,1700,200)
TFRMSB=.018/.01%/.02/.025/.029/.03/.03/.03/.0309 (7)

FRMSB might have higher values in the future. Table 3 shows the
results of average growth rate for agriculture and the building
industry, when we choose ‘

TFRMSB=.018/.021/.025/.028/.03/.032/.033/.0345/.036 (8)
TFRMSF=.63/.61/.51/.41/.33/.3288/.3276/.3264/.3252  (9)

Industries Years Ranges
and 1986-2000 1986-2025
National Income Average Growth Rates
Agriculture 5.6% 5.5%
Building 8.2% 7.2%
National Income 7.0% 6.7%

Table 3 Results to the Change of FRMSB and FRMSF

In Table 3, we see that the average growth rate of the building
industry will increase and that of agriculture will decrease.

Thirdly, let's look at the effect of change in FRMSC. The table
function of FRMSC in base run is given as follows:

FRMSC=TABXT ( TFRMSC, SAIPC,100,1700,200) (10)
TFRMSC=.12/.15/.16/.17/.18/.19/.20/.21/.21 (11)

Table 4 shows the results the of model simulation whern we
change the table function to the following:

FRMSC=.12/.14/.17/.24/.28/.29/.29/.29/.29 (12)

and with the same change to FRMSF as explained above.

Industries Years Ranges
and 1986-2000 1986-2025
National Income ' Average Growth Rates
Agriculture 5.6% 5.7%
Light 7.8% 7.5%
Heavy 8.7% 7.5% -
National Income 7.0% 6.8%

Table 4 Results to the Change of FRMSC and FRMSF

The results show that the average growth rate of 1light and
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heavy industries will go up by 0.4% and that of the national
income will go up by 0.1% in the long run.

On the supply side, the policy constant for labor intensity of
capital and the technology in each.industry(PNLIKZ and TEZ) are
the main parameters we are going to consider. By changing
PNLIKZ, we can adjust the value of labor intensity of an
industry between labor ‘intensive and capital intensive. Their
normal values in the base run are 1. 1In our analysis, we let .
the constant of agriculture, 1light industry and commerce equal
0.8, 1.2, 1.2 respectively from the year 1990; this has the
effect of making agriculture less labor intensive, while light
industry and commerce become more labor intensive. The result
is shown in Table 5,

Industries Years Ranges

and , 1986-2000 1986-2025
National Income ~Average Growth Rates
Agriculture 6.1% 6.0%

Light 8.3% 7.5%
Commerce _ 8.4% 8.1%
National Income 7.2% 6.9%

Table 5 Results to the Change of PNLIKA, PNLIKL and PNLIKS

With this policy, not only iight industry and commerce can grow
at a higher average rate, but also the average growth rate of
agriculture and the national income will improve.

The level of technology is usually different in different
‘industries. The technology progress in light industry is slower
than 1in other industries. Table 6 shows the result when the
techanology progress in light industry is 5 years behind- that-of
the average level for other industries.

Industries Years Ranges
and - 1986~-2000 1986-2025
National Incom Average Growth Rates

Light 7.3% 7.1%

National Income 6.8% 6.6%

Table 6 Results with a time lag in the progress of TEL
The result shows that this lag will bring down the average
growth rate of light industry and also that of national income.
CONCLUSION

This paper represents our fitst effort 1in working on such a
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relatively 1large resources constrained allocation model of
system dynamics({about 600 equations). The main difficulty
involved with such a model is to gain control and stability of
the model. Nevertheless, it can be acquired. We hold that such
kinds of models can help the modelers in system dynamics to
deal with the more real problems of the social economic system,
especially in developing countries, where the resources
allocation is usually constrained. R

‘Based on these results and analyses, we conclude that the
percentages of investment in each industry will influence one
another. In addition, determined by the mechanisms of demand
and supply, there will be an increasing trend in the percentage
of investment for the capital goods producing industries, and a
decreasing trend in the percentage of investment for the
consumer goods and services industries in the next 10 years.
Later the situvaticns of these two will change over time.

Any change in the fraction of average income spent on each
consumer item will change the average growth rate of the
corresponding industries which produce the item, but it will
not significantly affect the average growth rate of national
income in the long run. However, the change in the supply of
one industry will not only have an effect on the average growth
rate of that industry but it will also affect the average
growth rate of the whole economy in the long run. -

Extended work on the model could be made in the decision part
of resources allocation. In a real system, there might be other
criteria beszides the demand criterion to be considered when
determining how much to invest in each industry. In our model,
the input/output parameters matrix is econstant. To be
realistic, it should be adjusted over time.

Finally, we want to thank The School of Business at Michigan
Technological University for providing us with the computer
facilities on which most of our model revising, testing and
analyzing work has been done. We would also like to thank Dr.
Anil Jambekar with whom the authors appreciate having had
helpful discussions.
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