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PREFACE

This is another In the serles of Koreén'Agrlculfural Secfor Study
Zrapérfs‘publlshed Jointly by the National Agricultural Economics Research
fh§+1f0fe, Ministry of Agriculture and Fisheries, Seoul, Korea and the
‘Department of Agricultural Economics, Michigan State University, East
Lansing, Michigan. The Korean Agricultural Sector Study is a fleld
activity of the Agricultural Sector Analysis and Simulation Project funded
at Michigan State University by the Agency for International Development
under Contract AID/csd-2975 in cooperation with the National Agricultural
Economics Research Institute. The author of this report did his research
as part of the réqulremen*s for completion of the Development Analysis
Study Program, an activity of the Agricultural Sector Analysis and Simula=~
tion Project. He was in residence at Michigan State University on a post=
doctoral fellowship during the 1974-1975 academic year.

In this report Dr. Ho Tak Kim, assistant professor of Agricultural
Economics, Seoul National University, develops a systems simulation model
relating Income distribution within and between the agricultural and non=-
agricultural sectors of the Korean economy with Korean gross national
product. The model Is based on the theoretical relationships Implied by his
statement--"Given a state of Income diéTrlbufion, corresponding levels of
" .capltal formation and effective demand will prevail, resuiting in a

specl fic rate of economic growth."



Dafa and Tlme cons?ralnfs did noT allow full developmenf and use of fhe»,f

'model for analyflcal purposes. However, the model as formulated: provides *he:f‘
re for furfher work on model development and on analysis in Korea or

Al qewhare

Dong HI Kim, Director . George E. Rossmiller, Director
National Agricultural Agricultural Sector Analysis and

Economics Research |ns+lruTe : Simulation Projects
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A. The Problem
Throughout the last decade, the Korean government has set up:a'hfghi
rate of sustalned economic growth as a prime goal of Its econbﬁfc pollélés‘
A large portion of public and private investment has been spent for the
development of the Industrial sector during the period. As a result, the
country was able to maintain a high rate of economic growth and studies
indicate that the future prospects for the Korean economy promise prosperlfy.lj
Such a high rate of economic growth, however, has brought about
undesirable by-products to the economy. Income distribution inequalities
are a distinctive example in point. Large gaps exist in income between
sectors, between regions, and among people within a sector; and these
gaps are expected to widen In the future, as long as the present policles
continue to pursue the same goal, as in the last decade. Tables 1 and 2
show some of the Indicators of economic growth and Income distribution In
Korea.
The Income distribution Inequalitlies between sectors and among people
have many Implications not only for the welfare of the people involved
but also for further growth of the economy. Perpetuation of low levels

of income In one sector of +he economy Implles a low purchasing power of

l/See for a further reference, Cole, David C., and Princeton N,
Lyman, Korean Development, Harvard University Press, Cambridge,
Massachusetts, 1971, and Rossmil!ler, G. E., et al., Korean Agricultural
Sector Analysis and Recommended Development Strateqies, 1971-1985,
Michigan State University, Korean Agricultural Sector Study Team, 1972.




Table 1

: Some Economic Indicators for Korea
~'1960-1972, In 1970 Prices

" Indlcator i 1960 1972

Increase
1960=-72

" Annual
“Growth Rate

~==billlon won-~-

Total GNP 1,129.72  3,023.63
f‘,vAgrf§u|+ural GNP

"fAérlcu|+ure as ‘ :
Share of GNP (%) 41.3 . 25,2

466.57  760.93

¥
146.0

‘:63;f‘

%
12,2
33

won-

Per Caplita GNP
Nonagricultural 65,200
30,673 51,845

125,468

Agricultural

Agricultural
Population as Per-
cent of Total
Population 58.0 44.9

92.4

69.0

7.7
5.8

Data Source: Economic Statistics Yearbook, The Bank of Korea,;]é?i. . .




Table 2

ndicators of Income Distribution
at Farm Level In Korea, 1970

S Less Than More Than
Indicators 0.5 Chongbo 2.0 Chongbo
Number of Farms 842,171 169,904
: WON==mmmmm e ————
Agrlcul*ural Income/Farm - 72,407 369,073
Total Farm Income Per Farm 139,786 428,804
Farm Surplus ' 8,726 110,781

Data Source: Yearbook of Agriculture and Forestry
: Statistics, MAF, ROK, 1972.

’vfhfs'secfor for the commodities produced by other sectors, which in turn
restricts further growfﬁ of the other sectors., Also, a low level of income
in the agricultural sector slows the adoption of new agricultural fech-
nologles and thus higher income opportunities are lost. In this sense, a
more even distribution of income is desirable not only for the Improvement
of the welfare of the people at the low end of the income distribution but
also for. further growth of the economy.

| On the other ﬁand, a high rate of economic growth requires a high
rate of capital formation. It is true that, other things being equal, a
more even distribution of income reduces savings as a whole. Thus, trade-
offs are necessary between a higher rate of growth and a more equltable

distribution of Income.



Several s+udles have been done ln Kbrea on fhe dlsfrlbuflon of Income,glﬁv

buf They have falled +o rela*e The subJec+ to economic growfh in a sysfema*lc

- _way.d o

. B. Objectlve of the S'I'udy

| 7’ This paper Is a broad view and Is prelimlnary ln the sense *haf lf

| ls not looking for any parTlcular solu?lon for pollcy problems posed
above. The paper Is designed primarily to broadly view the Interrelation-
ships expected to exlst among the variabies of income distribution, savings,
effective demand, and the economic growth of the Korean economy; to examine
the impact and consequences of alterrative policy measures for the redistri-

| bution of income on economic growth and on other related variables; and to
suggest some implications for policy formulations for the future of the
Korean economy. Due to the complexity of the problem, discussion of the
welfare aspects of Income distribution will be avoided in this paper. The
prlﬁclpal tool of analysls used jn this study is the systems simulation

approach.

Description of Model

A. General Description of Model

A macro-systems simulation model has been developed to meet the objective
described in Section [-B. The overall system of the model and interrela-

*tionships among subcomponents and among major variables are shown In Figure 1.
The model consists of four basic subcomponents: economic growth, capltal

formation, effective demand, and Income distribution. A theoretical

2/Park K. H., "Income Distribution in the Agricultural Sector in
Reference to the Farm Land Reform in Korea," The Industrial Management
Research Center, Yonseil Business Review, Vol. 9, April 1972, Other
references can be found in this article.
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Figure 1. A 'Model of Economic Growth and Income Distribution—Relationships and Flow of Variables.



basis exists for the relationsnips among these subcomponents. leep a
state of Income dlsTrlbOTIon, corresponding levels of caplfalvformafjonV
and effective demand will prevail, resulting In a specific rate of-
economic growth.

A macro-income determination model Is postulated for the 9cohoml¢'
growth subcomponent, where economic growth Is determined by changes in
- autonomous aggregate demand and the size of the marginal propensity to
consume. Other factors contributing to economic growth, such as Improvemen+ 
In technology are Implicitly assumed to remain constant.

The economy is divided into two sectors: agriculfure and nonagriculture.
Effacflve demand and savings are assumed to vary by sectors and by Income
'classes within a sector, Farm families are classifled into three groups
~according to the size of thelr farm. Urban families are classifled Into
two groups: pfofif earners and wage and salary earners. A consumption
function Is built for each of the groups andbused to estimate consumption
and the mafglnal propensity to consume of each group. The aggregate con-
éumpflon and the average marginal propensity to consume are derived from
-the set of group consumption functions.

Distribution of income Is principally determined by economic factors
éuch as productivity of resources In each sector and group, terms of trade
between sectors, and level of employment of resources in euch sector.
However, Institutional and policy variables such as wealth holcings, taxation,
price control, public investment, and subsidies and other welfare programs
are no less Important than the economic factors In a consideration of

Income redistribution. This is especially true In countries such as Korea
where the government Is highly centrallized and controls the economic system

to a significant degree.



UNCe 716, 1STrIDUTION OF. Ifcome IS geTerminea, savnngs ana’ aggregare
vomaild - can be defermlned whlch In furn de*ermlne economic growth. _he;\
relaflonshlps among the subcomponents and variables Involved are speclfied
In more detail below.

B. Details and Speclflcaflon of Model

1. Growth Component.

The following systems of equations are posed to exP|é'nffbé;t{m§?ﬁéthf |
of the determination of the gross national product. |
GNP(4DT) = GNP(+) + DT-RGNP(+) Q
‘where: , | | M

GNP(t+) = fhe gross na;}onal producf a* flme +

DT = time Increment

RGNP(t) = rate of change In GNP durlng a Tlme period DT
The RGNP(t) is given by: v
RONP(+) = (CAGDEM(*))/U-RMPC)‘:“’ (2
whera: o N

RMPC = the aggregate marginal propensity to cohsume

CAGDEM(t) = changes In autonomous aggregate demand,

The RMPC Is calculated by equation (16) In the following subsection a

CAGDEM(t) Is given by equation (3),

CAGDEM(+) = AGDEM(t) - AGDEM(f DT) - (DGNNP(t) -~ DGNNP(? DT)). RMPC(T)‘ »"y(iz
where: : e
AGDEM(t) = aggregate demand

DGNNP(+) = aggregate disposable income for the economy,

These two variavles are determined by equations (34), (53), and (54),

respectively.



To see *he effect of economic growth on employment, the following

equation systems are posed.

EMPLOY (+4DT) = EMPLOY(i) + DT-REPLOY(t) @
REPLOY(+) = GLR-(TINVT(+) - TINVT(+-DT)) aﬁ@(SQf
where: |  \\3'

EMPLOY (1) = Tofal employmenf aT +lme'

REPLOY(H) = rate of change In employmenThdurlng:Eiflmejperlod DT

CLR = caplfal labor ra+lo Bkt
'TINVT(T) Tofal net lnvesfmenf af +!me f
7ln addlrion, some slmple arcounflng equaflons are needed to calcula+e

;indlcafors of GNP growfh to show the- penformance of fhe sysfem.

RGONP(H) = (GNPCH) = GNP(H-DT)I/BNP(T) | | “(6)
SRGI(+) = (GNP1(+) = GNPI(+-DT))/GNPI(+) o
SRG2(1) = (GNPZ(F) = GNP2(H-DT))/GNP2(H) (8).

PGNP (1) = GNPt(T)/GNP(f)

PGNPZ(T) = GNP2(1)/GNP(+) ?31053
~17\‘~her’93 o

" RGBNP(t) = growth rate of GNP at time t

‘QSRG1(+) growth rate of agricultural sector

SRG2(t) = growth rate of nonagricultural sector

PGNP1(t+) = percentage of GNP shared by agricultural sector

‘PGNP2(+)

1

percentage of GNP shared by nonagriculfural sector.
GNP1(t) and GNP2(t) are given ty equations (35) and (36), respectively,
Other indlcators of economic growth and income distribution will be

calculated In the incomz distribution subcomponent.



;2 (Effective. Demana ‘and Savings Component.
The effecflve demand conslsfs of four subcomponenfs. prlvafe consump+lon
_expendlfure, private net investment, governmenf expenditure, and net exporf.
5 The‘prlva+e consumption expendlture is obtained by estimating 2 consumption

function for each Income class by the following equafion systems.

CONEXP(+) = CONEX1(+) + CONEX2(+) (.
'CONEX1(t) = X CONC1,-POPCI, (t) - (12)-
, P=1 : s
CONEX2(t) = £ CONC2,+POPC2,(+) . (13)
R J=1 J J T
- where: -
© - CONEXP(1) = aggregate private consumption expenditure at time t
CONEX1 () = aggregate consumption expenditure of agriculfural sector
CONEX2(+) = aggregate consumption expenditure of nonagricultural
sector
CONCll(f) = consumption expenditure of a farm household In size
‘ class |
| CONCZJ(T) = consumption expenditure of an urban household in Income class j.

CONCI'(T) and CONCZJ(*) are given by equations (14) and (15) and POPCi|(T)

and POPC2,(+) are calculated by equations (73) through (78),

J
CONCl|(f) = CAI + ECY1I°PCDGP1'(T) + CTli‘f
| CONCZJ(f) = CBJ + ECYZJ'PCDGPZJ(f) + CTZJ'T
~ where:
CA| = constant term for farm households
CBJ = constant term for nonfar@ households
ECYIi = marginal propensity to consume of a farm household

in class |
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ECY2J = marginal propensity to consume of a. nonfarm household
in class j b LR _Mﬁ.;“

PCDGP1, (t) = per household dlsposable lncome of farm households
In class | I R _, R

'PCDGPZJ(f) per household dlsposable income of nonfarm households
R In class J :

_CTIl = coefficlent reflecting trends In consumpflon of farm housew
: In class | over time

CT2J = coefficlient reflecting trends In consumption of nonfarm
househoids reflecting trands In consumption.

PCDGPII(T) and PCDGPZJ(f) are calculated by equations (57) and (58),
cquations (14) and (15) will be estimated by least squares method.
The aggregate marginal propensity to consume Is obtained on the basis

of the equations (14) and (15),

3 2
"RMPC(t) = I ECY],‘POPCI;(T)/POP(f) + I ECYZJ POPCZJ(T)/POP(*) (16)
1=1 J:: ) )

where.

POP(f) = total number of households In fhe counfry at time f whlch
Is given by equation (69).

So91ngs are simply a resldual of household Income after consumption given

"~ﬁtzf:ﬂ{fQ-i
USAV(E) = SAVI(H) + SAV2(H) (17)
SAVIGH) = B SAVGCT | (+) (18)
2 o
SAV2(t) = I SAVGC2(t) (19)
J=1 o
SAVGC!, (1) = DGNPCT, (+) = CONC1, (1) f'l‘('éo)
SAVGC2; (1) = DGNPC2; (+) ~ CONC2 (+) (21
where:

SAV(t) = total amount of savings of the country at +ime +



SAVI(t) = total amount of savings In agricultural sector =

SAVZ(?) = total amount of savings In nonagrlculfuralvsédfdrf

SAVGCII(T) savings of farm households in class |

SAVGCZJ(T) = savings of nonfarm households In class J

DGNPC1I(+) aggregate disposable Income of farm households In cléSéfl

DGNPCZJ(f) aggregate disposable income of nonfarm households In -
class j. ’ '

DGNPCIi(f) and DGNPCZJ(T) are calculated by equations (55) and (56),'
respecfl?ely.

Other components of aggregate demand--government expenditure, net
export, and a part of the private net investment--should be generated within the
system to realistically estimate the growth of GNP. However, these components
are externally determined in the model. The external determination of these
components Is not critical to derive a consistent conclusion of the model, 1f tt
level of these components remains the same from one simulation run to another.

These are determined by equations (22) through (33).

GEXP(+) = GTAX1(+) + GTAX2(+) + GSUPL(+) (22)
GSUPL(+) = GSUPL(O) + GELI+(GNP(+) = GNP(+-DT)) (23)
GINVTI(4) = PG1-GEXP(t) (24)
GINVT2(+) = PG2-GEXP(t) (25)
GEXPC() = GEXP(+) - GINVTI(+) =~ GINVT2(+) (26)
where: | ‘

GEXP(t) = total government expenditure at time T

GTAX1(+) = tex revenue of the government from the agricultural sector

. tax revenue of the government from the nonagricultural
sector

GTAX2(t)

1l



GSUPL(t) = governmen1 surplus or”daflclf

GINVT1(f) governmenf InvesfmenT in fhe agriculfural sec+or

[}

GINVT2(+) = government Investment in the nonagrlculfural secfor

GEXPC(*) = government expenditure for consumption purposes.,

In the above system of equations, GSUPL(t), GINVT1(t), and GINVTZ(f) are,a
:defermlned by the confroliable parameters, GE1, PG1, PG2, over whlch fhe |
gavernment exerts control. GTAX1(t) and GTAX2(t) are de?ermlned by equaflons
(63) and (64), respectively.

The net private Investment Is a sum of savings’ and foreign caplfal lmpor+.

The latter is again determined externally fo the quel,

PNINVT(£) = SAV(H) + CAPIM(H) RN (27)
CAPIM(+) = CAPIM(0) + CC1+(GNP(H) = GNP(+-DT)) , (28) -

where: v
| PNINVT(+) = net private Investment s time t
CAPIM(+) = foreign capital Import.
I+ is assumed In the equation (28) that foreign capltal Imporf ls a func*lon
bof the growth of GNP.
The net export Is the last component of the aggregafé demand, which ls,

externally determined to the model by equations (29) through (33).

EXPNET(+) = EXPORT(+) - IMPORT(t) 29
EXPORT(+) = EGP(+)+GNP(+) (30
IMPORT (+) = RGPM(+)+GNP(t) | | }<31)v
EGP(H) = EGP(0Y + (EGPM(H) = EGP(0)) (1-EXP(~EX1+1)) (32)

RGPM(+) = RGPM(0) + (RGPMD(t) - RGPM(0)) * (1-EXP(RIM*t)). (33)
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“LEXPNET(T) = net export at time t
EXP(t) = percentage of GNP exported

RGPM(*) proportion of GNP Imporféd

EGPM(t)

desired level of GNP exported
“RGPMD(t) = desired level of GNP Imporfed‘

3EX1 and RIM = controllable parameters.

Finally, the aggregate demand is determined simply by Summlng>1ﬁ
subcomponenfs described above. .
AGDEM(+) = CONEXP(+) + PNINVT(+) + PGEXP(t) + EXPNET(t) (34)T B
where:

PGEXP(t) = government expenditure after transfer.

3. Income Determination Component.
The following systems of equations are employed to determine the

distribution of GNP produced by each sector of the economy.

GNP1(+) = SHARE! (1) *GNP(+) (35)
GNP2(1) = GNP(+) - GNP (+) (36)
where:

SHARE1(t) = percentage of GNP1(1) to GNP(t).
The proportion of GNP(+) shared by fhe'agficulfural'secfoF'(s déféfﬁjﬁ;&fﬁ;
by the following equation: | :
SHARE1(t+) = Al + CRPI-PIAP(t+)/PINAP(t) + CPOP)POPI(T)/POF(+5 

+ CK*TWLTH1 (+)/TWLTH(T)
where:

Al = constant term

CRPI = coeffliclent of terms of trade between the agricultural and
nonagricultural sectors



iBJAP(T) = price Index of agricultural products
’?INAP(f5 = price index of nonagricultural products

CPOP = ccefficient for the relaflve number of farm nousen0|d To
total households

POPI(f) = number of households in the agrlculfural sector

CK = coefflcient for the relative caplital stock In the agrlculfurat"

sector to total capital stock

TWLTH1(t) = capital stock In the agricultural sector

TWLTH(t) = total capital stock of the country.,
The growth of the relative productivity of resources In the fWo’sec+Orsf
should be an Important factor in determining the share of GNP of the two
sectors, However, this factor Is not considered in the present model, due
to lack of data at this time.

The capital stocks, TWLTH1(t+) and TWLTH(t), are generated within the
system by equations {38) through (42); and other independent variables In

equatlon (37) are determined externally.

TWLTH() = TWLTHI(4) + TWLTH2(+)
3
THLTHI(H) = T TWLTCT, (+)
| I=1
o,
TRATH2(H) = & TWLTCZ(+)
X! -

THLTCT (+) = TWLTC1 (+-DT) + DT*SAVGC1 () |

TWLTCZJ(+) 2 TWLTCZJ(T-DT) + DT*SAVGC2, (t)

J

where:
TWLTCII(f) = capltal stock of farm households in class |

TWLTCZJ(f) = capltal stock of nonfarm households In class Je

(38)

(39)

(40)

41y
(a2)



f15jf

}io{deféfmlne:+hé;iéfmsfQfg+réde;}brj§§,lndéxééibfffhgfagriéﬁ]}vééf!

and nonagricultural products are obtalned by equations (43) and (44): -

PIAP(H) = PIAP(O)EXP(C1++) | e '<4‘3> ' 

PiNAP(T) = PINAP(0) *EXP(C1-1) | | (44)

C1 and C2 are contiol lable parameters, which can be esflma+éd with past |

data. The government can manipulate these parameters to a certaln extent.
The distribution of income for income classes within a sector Is

determined by equations (45) through (52):

. - 3
GNP1(+) = L GNPCI'(*) (45)
: I=1
GNPClI(f) = CSHAR1|'GNP1(+) (46)
CSHAR1'(+) = C31I + CTw1i'TWLTCI‘(+)/TWLTH1(+)
+ CPOPII-POPCII(f)/P0P1(+), If 1=1,2 (47)
) 2
CSHARI3 =1~ I CSHARI'(f) (48)
=1
2
GNP2(+) = GNPCZJ(T) . (49)
J=‘| ‘
GNPCZJ(f) = PSHAR-GNP2(t), if J=1 (50)
GNPCZJ(f) = GNP2(t)+(1-PSHAR(T)), £ j=2 (51
PSHAR(+) = CP + CRC-TWLTCZI(f)/TWLTHZ(T) + CP21.POP21(t+)/POP2(t) (52)
where:

GNPCI'(f) = gross products of farm households In class |
CSHARll(f) = percentage of GNP1(t) shared by class |

CTW1, = coefficient of relative wealth holdings of class |

]

TwLTc1,(+) = total wealth holdings of class I



coeffliclent for fhe Aelaflve number*of“households l

Cadul
T class |

fPOPCl'(?) number of farm households ln class l;;'

 GNPC2(+) = gross products shared by nonagrlculfural households
in class ]

fPSHAR(T) = percentage of GNP2(t) shared by profit earners

CP21 = coefficlent of the relative number of households of prOf!?’éarnefg]\

POPZ' (1) = number of households of profit earners. | R
The nuhber of households in each class, POPC1I(T) and POP21(t) are’déferhlned
by equations (73) through (79).

The following system of accounting equations are employed to calculate
disposable Income of each group and households, which will be fed back to

consumption functions and used as Indicators of [ncome distribution.

DGNNP1(+) = GNP1(+) - GTAX1(t+) + TRASF1(t) (53)
DGNNP2(+) = GNP2(t) - GTAX2(t) + TRASF2(t) | (54)
DGNPCT, (+) = GNPCI (t) = RTAX1, ‘GNPCI, (1) - RPTAXli'TWLTCII(f)

+ TRASC1  (+) - - (55)
DGNPC2, (t) = GNPC2) - RTAX2;*GNFC2; (1) - RPTAX2 ) *THLTCZ | (+)

+ TRASC2 () (56)
PCDGC1 | (+) = DGNPC1  (+)/POPC, (1) (57)
PCDGC2, () = DONPCZ, (+)/POPC2 (+) (58)
TRASCT | (+) = CTRA, *TRASF1(t) (59)
TRASF2(+) = RTRAS2:GEXP(t) (60)
TRASC2, (1) = CTRB, - TRASF2(+) -  (61)‘
TRASF1(+) = RTRAS1.GEXP(1) (62)
GTAX1(1) = YTAX1-GNP1(+) + PTAX1+TWLTH1 () - (63)

GTAX2(4) = YTAX2-GNP2(1) + PTAX2:TWLTHZ($) (64)



rTAx1(+> = fv,jhiAx1}:¢NPc1't+>/GNPI(+).;f 35’

fTAk2(+5;s;,x:{RTszJeGNPczj(+)/GNP2(+) g 36).
B L ; ' o o
’TAX1(+) E vRPTAXli'TWLTCI](T)/TWLTHl(f) (67)"
glé]_kv~ R S A
PTAX2(+) = RPTAXZJ-TWLTCZJ(T)/TWLTHZ(?) (68)
g AT
where-'
“fFDGNNP1(f) = aggregate disposable Income of the agricultural sector
DGNNP2(+) = aggregate disposable income of the nonagricultural
sector
TRASF1(+) = transfer income of the agricultural sector
TRASF2(t) = transfer Income of the nonagricultural sector
DGNPC1|(T) = aggregate disposable income of farm households in class |
’ DGNPCZJ(f) = aggregate disposable income of the nonagricultural |
households in class |

RTAin = |ncome tax rates for sector k, class |

RPTAXk = property fax rates for sector k, class J

CTRAl proportion of transfer Income enjoyed by farm households lr
class |

CTRB, = proportion of transfer income enjoyed by nonagricultural

J households in class

RTRAS1 = ratio of transfer income of farm households to government
expenditure
| RTRAS2 = ratio of transfer Income of nonagricultural households to

government expendlture

"

YTAXk aggregate income tax rate for sector k

11

PTAXk aggregate property tax rate for sector k.



MigraTion and. movemenT households: befween secfors and- among classes

'ifh}nja‘secfor should be}defermlned by”+he sysfem s+ruc+ure asva func+lon ,“tf”;
& fhe economlc, soclal, and lnsfl+u+lonal facfors. However, fhis could

_ of properly be done In the system. The coun?ry wldeffofol number of households
‘land their distribution between sectors and wl+hln a. secfor are predicted by

bfhe following system of equations.

POP(+) = POP(0)+EXP(RGP.+) (69)1?
POP1(t) = PRR.POP(t) - ~‘<§oi‘f
POP2(t) = POP(t) = POPI(H) o oy

PRR(t) = PRRMI + (PRRMA - PRRMI)+ EXP(RGP1 +)i"7 o (72)

where: o

POP(+) = fotal number of households of the counfry a+'+Imebf :

hPOPl(f) number of households in the agricultural sector

POP2(+)

number of households In the nonagricultural sector
PRR(t) = percentage of farm households to total households.

. RGP and RGP1 are controllable parameters, the size of which will depend
;onipopulaflon control programs and other government policies on populaflon.*ii
fThe percentage of farm households to total, given by equation (72), is
Il lustrated graphically In Figure 2. The minimum percentage, PRRMI, can be
1defermlned by. looking at the development history of other countries which
passed through a similar path of development. The maximum ceillng for fhe#i,f
percentage of farm households will be that in the base year. . |

A similar relationship and equation system is postulated to predict fhaﬁf

number of households In each class as fol lows:



PRRMA

- SR . . S e -y e - . - e o - R N G OB W D - e

PRRMI -

Time

"Flgure 2, Hypothetical Representation of the Changes In the
ST Percentage of Farm Households to Total as a Function
0f Time. '
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POPC11(+) = PRR1-POP1(t) ‘~ (73)
POPC13(+) = POPC13(0)+EXP(RGPP3+1) (i{?r
POPC12(1) = POP1(+) = POPCIT(+) - POPCI3(H) (75)
PRRI(+) = PRRIMI + (PRRIMA - PRRIMI}-EXP(RGPP1+ (ﬁéjf
POPC21(+) = POPC21(0) -EXP(RGP2+1) } (ﬁjﬁf
POPC22(+) = POP2(1) - POPZ1(t) | (78
where: .
POPCY (1) = number of farm households
POPCZJ(T) = number of nonfarm households

‘v;III. Empirical Analysis and Implications |
| The mode! specified in Section |1-B has been transferred to FORTRAN
| langrage ard programmed for CDC 6500. A detalled computer program for a base
 run Is attached in the Appendix. |
The base year of the analysis was 1973. The empirical analysis Is
solely based on secondary data sources.ﬂf Difficulties were confronted
In the analysis due to data avallability and accuracy and credibility of data.
Some of the parameter ostimations falled completely. For example, the
estimation of parameters in equations (37) and (47) was attempted by apply-
Ing the lea,t squares method. Ne{+her CRP! nor CK were shown to be related
to SHARE!1 In a statistically siinificant sense. The same was true for the
estimation of parameters of equation (52), And furthermore, the sign of

CRPI turned out to be negative, which by no means can be justified theoretically.

ﬂ/Main sources of data are: (1) Eccnomic Statistics Yearbook, The
Bank of Korea, 1965, and 1973; (2) Korea Statistics Yearbook, Economic
Planning Board, ROK, 1970, 1973; and (3) Yearbook of Agriculture and
Forestry Statistics, The Ministry of Agriculture and Forestry, 1963, and 1973.




‘Al of the estimated parameters except CT1 In the consumption functlo

§fgf§fm}hoq5eh0ldsfinEeaéh’classjwéré*sfa+15fl¢ailyAslgnlffcanT,}as shown -

jﬁ;Tabje.3. fThe’fela+lve slzes of the marginal propensity to consume for *h~
ThFée‘classesvcame ouf{as hypofheslzed,éf but the absolute sizes of the
marginal propehélfy to ébhsume was unrealistically low across all classes

' Consumption functions for urban families could not be estimates, ;
 be¢ause,no Income data for profit earners were avallable. A residual
method could have been used to approximate Income of this group.

Because of these difficulties, a part of the model was revlised and

guess methods were used to estimate some of the parameters so that The.model’“

ylelds a reasonable zpproximation of reality.

Thus, the equations (37), (47), (48), and (52) were revised as follqws:ﬂ_f

SHARE1 (+) = SHMI + (SHARE1(0) = SHM!)*EXP(EX1+t) i(37§f
CSHAR11(+) = CSHART1(0)*EXP(CS1°+1) y
CSHAR13(+) = CSHAR13(0)*EXP(CS3°1)

CSHAR12(+) = 1 = CSHARI1(1) ~ CSHARIS(*)_

- PSHAR(t+) = PSHAR(0) *EXP(PC*t)
where: | ‘
SHMI = a minimum percentage of GNP share for the agricultural sector,
EX1, CS1, CS3, and PC are all the controllable parameters. These parameters

should be determined by a combination of policy considerations and the

movement of other variables in the model. For example, EX! can be determined

E/Thooroficalfy, i+ can be hypothesized that the marginal propensity

to consume decreases as one moves from a low income level to a high Income
level.
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Table 3

?S?iﬁéfad Consumption Functions
" for Farm Households, Korea@

EYa
i

A Marginal
... . .. Constant Propensity Time
Size-of Farm Term to Consume Coefficlent F-Value
A CA, ECY1, CT1,
—===WOn=-

‘ff Le§s fban'lf o R oo .
‘= “Chongbo . 38,809%* 0.659%* , -220 S 217.8%%
1m~.2 . 1 . -

Chongbo 90,158%% 0.407%% ,317%% '254,9%%
Over 2 _ o
Chongbo 125,475%% 0.364%% 4,694*% 67.4%% -

Note:: #¥!ndicates a statistical élgnificance at least at tho 1 percent level

. * indlcates a statistical significance at the 5 percent level
@ 1955~-1972 data were used for the estimation '



j'" such a way that the agrlcul*ural share decreases over flme, bu+ nof below '

fa Cerfaln min imum level, and so Thaf +he rate of decrease should nof exceed
ﬁjhe rate of decrease of the relative number of farm households.
‘ All the Initial conditions aud.paramefers estimated and/or adJus*ed,"

v as such, are shown In +he ‘first part of the computer program in the Appendlx.e
fTo sTar+ with, a base run was made, +he outcomes of which can be compared .
\wl+h those of other runs under vary!ng assumpflons and paramefers and under
‘alternative policles. Tables 4 and 5 show some of the lmpor+anf varlables
for the base run. ; e

A special notice Is naeded to Interpret the results of Theianetysls{;d
As described in Secflons |lfA end -B, the model dlid not estimate fhe.growfh
of GNP over time by production function or by any form of trend func?fon. ‘
Other factors affecting the growth of GNP, such as improvement In technology,
were not considered In the model. Thus, it Is not expected that the
~estimated GNP and other estimated values of the variables shown in Tables
4 and 5 should necessarily match with the actual growth of GNP and other
values of the variables. This, however, would not affect the results and
conclusions of this analysis, as long as the structural relationships of the
model do not vary th.-oughout the analysis. Important however are the relative
magnltudes of the estimated values of the variables under varying assumptlions
and parameters and under alternative policies, not the absolute magnitudes.

The GNP, disposable Income, and consumption expenditure per household
shown In Tables 4 and 5 are estimated under the assumption that the past
trend of Income shares between and within sectors will remain the same as It
has been in the past and no special consliderations will Le given to tax

policies for redistribution of Income between or within sectors.



Tab%e 4

Estimated GNP, Share of Aariculture, Per
Household GDP, for Base Run, 1974 - 1989, Korea¥*

Per Household Dispcs able I ncome by Class 7;;c;

Agriculture _ Nonagrnculfure,,‘ 5
Less Than 1-2 Greater Than Profit Wages and
1 Chongbo Chongbo 2 Chongbo Earners Salary Earners
Year GNP Ag. Share  PCDGCI(1) PCDGC1(2)  PCDGC1(3) PCDSCZ (1) PCDGC2(2)
billion won 4 - : 1000 won
1974 3,593.8 23.71 297.2 488.3 672.7 - 1,326.4 551.7
1977 4,194.6 20.47 289.0 585.9 785.2 - ©1,353.2 - 602.0
1980  4,814.4 17.99  204.8 678.5  926.9 1,379.2  653.9
1983 5,897.7 1 16.10 - 312.2 784.3 1,132.3 1,403.0 724.6
1986 7,494.0 14.66 348.2 936.0 1,475.2  1,674.3 845.3
1989 9,374.7 13.89 391.7 1,103.3 '1,878.3 2,104.6 '

*For this base run, the following parameter values and tax rate are assumed.

For other parameter values and initial values of variables, see the Appéndix.

SC = -0.0¢9 Cs?! = -0.05 CS3 = 0.05
RTAX1(1) = 0.0 . RTAX2(1) = 0.11
RTAX1(2) = 0.00995 RTAX2(2)} = 0.0099
RTAX1(3) = 0.0254

Note: SC = controllable parameter determining GNP share of agricultural sector. S T
CS1 and CS3 = controllable parameters determining GNP share of classes within agrlculfural'secfor.a
RTAX1(i) = income tax rates by income classes for the agricultural sector. '
RTAX2(j) = income tax rates by income classes for the nonagricultural sector.
1 Chongbo = 1 hectare (approximately)




Year

1974

1977
1980
1983
1986
1989

Table 5

Estimated Per-Household-Consumption Expenditure of

Agricultural and Nonagricultural Sectors,
A Base Run, 1974 - 1989, Korea*

Consumption Expenditure Per Household by Income Classes

Agriculture Nonagriculture

Aggregate Less Than 1--2 Greater Than Profit Wages and

MPC 1 Chongbo  Chongbo 2 Chongbo Earners Salary Earners

RMPC CONC1(1), CONC1(2)  CONC1(3) CONC2( 1) CONC2(2)
I il D e L E P T e T —
0.7334 277.6 412.1 488. 4 681.3 437.2
0.7282 $279.4 488.9 566.0 731.5 476.3
0.7237 287.3 562.0 662.6 776.1 516.5
0.7200 305.2 644.9 | 800.6 818.1 569.9
0.7167 338.7 762.3 1,028.0 958.8 658.3
0.7147 377.7 890.2 1,293.2 1,177.4 764.4

*The parameters and tax rates are assumed as In the footnote of Table 4.
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Under these assumptions, +hevagrlelergIAShqre‘qf’GNP>d9creases:
consistently throughout the predléfiohﬂpériSd:'ffHéAEéiéfjvé Income ofi+heu
medium- and large-sized farms Is lmprovfng‘éver time, buf;1h5+ of fhe'small-
slze farms and wage and salary earners decreases. The same thing holds true
in consumption expenditures. Agalh, the absolute slzes of GNP and clsposable
income can vary if there Is an exogenous change in any or all of the com-
ponents of the aggregate demand.

To see the effect of changes in the sectoral shares on fhe growth of
GNP, predictions were‘made under dlfferen* assumptions about sectoral shares.
Table 6 shows predicted values of GNP and the share of the agricultural
sector. |t can be read from the table that as the share of the agricultural
sector decreases, the GNP increases, as one compares the two alternatives.
However, the difference in the growth of GNP under the two alternative shares
Is relatively smali compared to the difference in the rate of decrease of the
share of the agricultural sector. That the share of the agricultural sector
decreases faster than GNP increases Is not an unusual phenomenon in the history
of economic development. Speclal considerations need to be given to the proble
of the trade-offs between the growth of GNP and changes in the sectoral
shares, since the rate of decrease in the share of the agricultural sector Is
greater than the rate of Increase In the growth of GNP. This Is especially
true when one considers the welfare of people in one sector relative to the -
other.

The effect of tax pollicies on the redistribution of income and the
growth of GNP has been examined. The Income tax rates are changed such
that the disposable Income of low-income groups Improves relative to that
of high~income groups. Results of the examination are shown in Tables

7 and 8,
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e Table 6

* *  Changé of the Parameter for Sectoral
- Share and GNP Growth, 1974 - 1989, Korea®

SC = =0.,07 5C = -0.23
S Agric. GNP B Agric. GNP
Year © GNP  SHARE GNP SHARE1
R 1 ~-b11. won-- %
1974 . '3,594.8 0.2399 3,587.8 0.2192
1977 4,197.6 0.2134 4,179.4 0.1598
19860 . 4,917.0 0.1919 4,907.0 0.1300
1983 5,898, 1 0.1745 5,904,5 0.1150
1986 7,490.6 0.1604 7,518.8 0.1075
1989 9,367.6 0.1525 9,415.3 0.1048

“Income tax rates and all other parameters except SC are held constant,
as In Table 4.

SC = controltable parameter determining GNP share of agricultural sector.
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Changes In Income Tax - Ra*es, Estimated GNP, and.
Per Household GDP, 1974 - 1989, Korea*

Year

1974
1977
1980
1983

1986
1989

Per Househol d Disposable Income by Class

Agriculture Nonagriculture
vHLéss Than 1-2 Greater Than Profit Wages and
1 Chongbo Chongbo 2 Chongbo Earners Salary Earners
GNP PCDGC1(1)  PCDGC1(2) PCDGC1(3) PCDGC2(1) PCDGC2(2)
bililon won  em=memcccccccccomccanea- 1000 WON====e=memmc—cm c e — e ———e——
3,631.3 294.9 494.7 653.8 1,259.5 558.3
4,234 .1 . 2931 592.8 762.6 1,286.2 608.4
4,958.1 298.9 685,9 899.8 1,268.8 660. 4
5,950.8 316.6 792.7 1,099.2 1,343.6 731.7
7,570.2 353.6 947.0 1,433.4 1,611,1 854.5
9,487.7 398.7 1,118.3 1,827.7 2,033.8 1,005.7

¥The following tax rates and parameters are assumed for the estimation.

SC = -0.09 CsS1 = -0.05 CS3 = 0.(5

RTAX1(1) = 0.0 RTAX2(1) = 0.15

RTAX1(2) = 0.00975 RTAX2(2) = 0.0095
RTAX1(3) = 0.0654

Note: SC = controllable paramoter determining GNP share of agricultural sector

CS1 and CS3 = controllable parameter determining GNP share of Incoie
classes within agricultural sector.
income tax rates by income classes for agricultural sector.

RTAX1(1)
ircome tax rates by Income classes for nonagricultural sector.

RTAX2(])



Table 8

‘Effect of Changes In Income Tax Rates on Es+imated
' Consumption Expeniiture Per Household
1974 - 49, Korea*

Consumption Expenditure Per Household by Income Classes

Agricuiture Nonagriculture
Less Than 1-2 Greater Than Profit Wage and
L 1 Chongbo  Chongbo 2 Chongbo Earners Salary Earners
‘Year CONC1(1) CONC1(2) CONC1(3) CONC2(1) CONC2(2)
------------------------ 1000 woR-=~==cmmem e e e e
1974 281.4  416.9 476.1 657. 1 a41.8
1977 282.9 494 .1 551.3 716.5 480.8
1980 290.8 567.5 645.0 745.5 521.0
1983 308.9 651.2 779.1 768.4 574.9
1986 - 343.3 770.6 1,000.8 927.2 664,7
1989 383.7 901.4  1,260.2  1,142.0 773.2

*|ncome tax rates and parameters are flxed as In Table 7.



A comparison of Table 7 with Table 4 reveals that the projected GNP
‘under the new income tax rates Is consistantly higher than under the old
Income tax rates throughout the wholé projection period. This Improvement
in GNP growth results from the Increase in consumption expenditures of the
low-income groups. Even though the consumption expenditure of the high-

" Income groups decreases due to the néw tax rates, the aggregate consumption
expenditure of the country should increase, since the marginal propensity to
consume of the low-income group is higher than Théf of the high-income group:

As expected from this income tax policy, the disposable Income and
consumption expenditures of the low~incoms groups improved relative to the
high-income groups, as shown In a comparison of Tables 4 with 7 and 5 with 8.
The degree of improvement in the relative position of the low-income groups
will depend on the magnitude of the change iIn tax rates.

Even though both the GN> and the relative position of the low-income
groups Improved by the new income tax rates, this policy cannot be pursued
without Iimtt. A trade-off point will eventually be met, where the growth of
GNP wll| start to decrease as the income tax rates turn more and more favorat
to the low-income groups. The trade-off point has not been determined In thi
paper. An optimum combination of tax rates for maximizing the growth of
GNP can be determined with multiple computer runs of the model.

The effect of Income redistribution within a sector has been examined.
The sectoral shares and income tax rates were held constant while parameters
determining the distribution of income within a suctor were changed. Outputs
of the model as a result of these changes are shown In Table 9, The table
shows that when a greater portion of the agricultural share of GNP goes to
high-income: groups of farmers, the GNP grows more and more slowly. This

observation reaffirms tho conclusion reached above.



Table 9

Changes In Sectoral Share, Shares Within
Agricultural Sector, and GNP Growth,
1974 - 1989, Korea*

SC = -0.07 52 = -0,23

CS1 = -0.02 CS1 = -0.1 cS1 = -0.02 CS1 = =0.1

Cs3 = 0,02 CS3 = 0.1 CS3 = 0.02 CS3 = 0.1
Year . GNP GNP | ‘ GNP GNP

| S—— bI11lon wWonemn=n --

1974 3,575.5 3,572.4 3,568.4 3,565.5
1977 4,163.9 4,247.1 4,143.6 4,130.9
1980 4,666.5 4,835, 1 | 4,851.1 4,829.6
1983 5,826.2 4,774.6 | 5,823.2 5,788.9.
1986 7,387.3 7,298.4 7,399.9 7,340.2
1989 9,230.0 9,088.7 9,254.7 9,157.8

*|ncome tax rates are held constant as In Table 4.

NOTE: SC = controllable parameter determining GNP share of
agricultural sector.

CS1 and CS3 = controllable parameters determining GNP share
of income clasces within the agricultural
sector.



Table 10

Changes in Shares, Transrer Income, and Income

Tax Rates, and GNP Growth, 1974 - 1989, Korea (1)*:

Per Household Disposable Income by Class

Agriculture Nonagriculture

Less Than 1-2 Greater Than Profit Wages and
1 Chongbo Chongbo 2 Chongbo Earners Salary Earners

Year GNP Ag. Share PCDGC1(1) PCDGC1(2) PCDGC1(3) PCDGC2(1) PCDGC2(2)

billion won 1000 won-

1974 3,565.5 21.92 282.3 479.2 634.4 1,452.5 ‘ 557.9

1577 4,130.9 15.98 238.7 519.9% 703,7 1,437.1 . 625.3

1880 4,829.6 13.00 240.5 555.3 876.3 1,489.5  _';681 4

1985 5,788.9 11.50  268.0 598.9  1,217.9 1,546.7 7'750 3

1986 7,340.2 10.75 . 315.3 647.8 1,489.0 1,703.5 | ‘§§6;4

1989 9,157.8 10.48 361.2 681.2 1,937.4 2,113.5 V1;qqg;7

*The following parameters

RTRAST = 0.15 RTRASZ =
SC = -0.23 €St = -0.
RTAX1(1)
RTAX1(2)
RTAX1(3)

Ncte: RTRAS1 and RTRASZ2 =

CTRA(1)

sector.

CTRB(j)
cultural

and income tax rates are assumed:

0.05 CTRA(1) = 0,8 CTRA(2) = 0.2 CTRA(3) = 0.
CTRB(1) = 0.0 CTRB(2) = 1.0 ‘ h

1 Ccs2 = Q.1

= 0.0 RTAX2(1) = 0.11

= 0.00995 RTAX2(2) = 0.0099

= 0.0254

controllable parameters determining transfer of income of sec?ors frnm
government.

controllable parameters determining tarnsfer income of income classes o. agrlculfural

controllable parameters determining trarsfer income of income class ec of nonagri-

sector.

RTAX;(j) = income tax rates by income classes.

%



Year

1974

1577

1980

1983

1986

1989

Table 11

Changes in Shares, Transfer Income, and Income
Tax Rates, and GNP Growth, 1974 - 1989, Korea (il)*

Per Household Disposable Income by Class

Agriculture Nonagriculture
Less Than 1-2 Greater Than Profit Wages and
’ 1 Chongbo Chongbo 2 Chongbo Earners Salary Earners
GNP Ag. Share PCDGCi(1) PCDGC1(2) PCDGC1(3) PCDGC2(1) PCDGC2(2)
billion won 4 1000 won-

3,612.8 24.00 330.0 468.4 621.2 1,332.0 553.9
4,203.9 21.34 382.2 530.8 670.9 1,251.0 598.0
4,911.5 19,19 440.9 597.8 731.5 1,223.1 645.1
5,881.3 17.45 514.2 686.0 824.9 1,291.9 712.1
7,465.8 16.04 617.9 827.7 993.0 1,550.0 _ 829.6
9,344.8 15.25 724.2 994.0 1,201.5 1,959.7 ‘975.5

*The following parameters and income tax rates are assumed:

RTRAS1 = 0.15 RTRASZ = 0.05 CTRA(1) = 0.95 CTRA(2) = 0.05 CTRA(3} = 0.0 .
CTRB(1) = 0.0 CTRB(2) = 1.0 ’ R
SC = -0.07 Cs1 = -0.02 CS3 = 0.02
RTAX1(1) = 0.0 RTAX2(1) = 0.15
RTAX1(2) = 0.00975 RTAX2(2) = 0.0095
RTAX1(3) = 0.065
Note: The parameters are defined in Table 10.

ffi:
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Two alternativs policies for income redistribution between sectors
2nd among classes within a sector were tested to see their effect on the
growth of GNP and other related variables. Table 10shows the results of the
analysls for case (I where the government adopts a policy which favors high
income groups. The figures in Table 11are the results of the analysls for
case (11) where the policy of the government directs more favorably toward the
low-income groups. |

In case (1), a higher portion of GNP is shared by the nonagricultural
sector than in case (il). Also, income tax rates for the high~income groups
are relatively lower In case (1) than In case (11). In additlon, transfer
Income 6f small-sized farms within the agricultural sector is relatively
lower In case (1) than in case (Il), |

{+ can be reud from Tables10 and 11that under these two alternative
‘pollcles the growth of GNP was consistently higher in case (I11) than iIn
case (1). This agaln can be Interpreted as the growth effect of the
redistribution of Income due to the increase in the aggregate consumption
expenditure.

Comparing the distribution of income between sectors and among income
classes within a sector under the two policy alternatives, the distribution
Is much more aven In case (I11) than in case (1), For illustration, the
distribution of income at the beginning year of the simulation was simitar
in both cases as shown in Tables10 and11. However, as time passes the Income
gap increases much more widely In case (1) than in case (il). At the
beginning year, the annual income per houschold of the small-sized farms was
nearly half of fthat of the large-sized farms and that of the medium-sized

farms was around two-thirds of that of the large~sized farms In both cases.



At the ending year,_hd@a?é;, the annual‘}ﬁééme.ofjfhexs%all-slzedi
farms In case (1) was leés +han Qne-flffh that éf the large-sized farms an
the annual Tncome of the medium-sized farhs was a‘li¥fié:more than one-third
of that of the large-sized farm#. On‘?he other hahd, the annual income per
housshold of the small- and medlum—slzed'farms in case (11) Improved
significantly relative to the large-slzed.farms aﬁd the nonfarm sector
classes.

The major policy implication derivable from the above analysis Is that
 the redistribution of Incore from h!gh? to low-income groups Improves the
growth of GNP. This lmprévemenf Is attributed to the increase in aggregate
consumption expenditures due to the redistribution of Income.

Which parameters should be used and how much they should be changed to
Improve a certain lavel of the growth rate have not been discussed In grea-
detall in the analysis. Only the direction and the corresponding effects (
the changes of the parameters have been examined. The answers to such

speclfic policy questions need more effort in specification of the model.

Summary and Concluslion

A model-bullding and empirical-analysis effort was attempted in thls
study to understand the interrelationships exls*ing among the variables of
Income distribution, savings, effective demand, and the economic growth of
the Korean cconomy. The main objective In understanding these Interrelation-
ships was to examine the impact and consequences of alternative policy measures
for the redistribution of income on economic growth and on other related
variables, and to derive implications for policy formulations for the future

of tha Korean economy.
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A m§cro-sys+ems simulation mode! was developed to ald in the empirical
aﬁalysfs to meet the above objective. The model consists of four basic
subcomponents--economic growth, capital formation, effective demand, and
income cistribution. A theoretical besis exists for the relationships among
these subcomponents. Given a state of income distribution, corresponding
Ieve[s of capital formation and effective demand will prevail, resulting In a
é;églflc rate of economic growth. These relationships were all specifled
?B mathematical form in Section Il and then transformed Into FORTRAN for
computer runs, as shown in the Appendix.

‘For Pmplrlcal analysis secondary data provided mostly by government
sburggs kere used. Simuiation runs were made projecting for the next 15
years., $1frflngflh 1974, The base year for the runs was 1973,
;;:'.ThfiéconOmy was classified Into two sectors: agricultural and nonagrl-
;uffu;ul. The agricultural sector was reclassified Into three groups accord!ng

rqyftﬁﬂ «!za; and the nonagricultural sector Into two groups: proflt earners

!xd[ﬂyge and salary earners. The whole analysis was done on the baslis of this

Yoo

iﬂﬁsﬁif?caflon.

Ji’;fplff!pulfles wers confronted in the analysis due to the problem of
;jﬂllablli%y, accuracy, and credibility of data. Some of the paramater est!Ima-
ribns jalleq completely., Thus, a part of the original model had to be re-
(lseQ'énd guess methods had to be cmployed to estimate some of the parameters.
 /f‘lm§|§caT!0na derived from the analysis were that the redistribution of
(thme from high- to low-incoms groups In gereral improves the growth of

P, Thls improvement Is attributed to the Increase in aggregate consumo-

‘lon expendltures due to the rodistribution of Incomo.
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Sevefal Pollcy alterratives for the redistribution of Income are
‘avaiiable by which the government can achlieve a certain level of growth
Fé+e. What alternatives, what parameters, and what values of these
baramefers should be chosen by the government to achleve the level of
growth rate were not discussed In great detall In the analysis. Only
the direction and the corresponding effects of the choice were examined.
The answers to the spec!fic policy questions, however, can be obtained
by putting more efforts into improving the present model.

Some of the weaknes;es of the model which will need Improvement in the
future should be pointed out here, along with some .suggestions for the
further development ot the model. First of all, the model did not account
for some of the Important factors In determining the growth of GNP, such
as the Improvement of ftechnology. To estimate the growth path of GNP
more realistically, these factors need to be bullt into the model. Also,
+the estimation of the exogenous varliables of aggregate demand, such as
net export, the government surplus, and a part of private investment,
needs to be Improved to estimate the growth of GNP more reallistically.

Secondly, the distribution and the movements of households between
sectors and within a sector over time were determined externally In the
present model. However, these components should be generated within the
system structure as a functlon of related economic and policy variables
to portray the system structure more realistically and to obtain more

useful Information for policy formation,
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Thirdly, the present model did not incorporate time laés of,deiéYs ':
properly. The time lags or delays neéd to be buiit into par+5 of\fhe
model to make i+ more reallstic; for example, there should be a time lag
between Investment and both increase in production capacity and incroase
in employment. Also, a time lag exists between an Increase in aggregate
demand and the growth of GNP, These delays can be bullt Into the model
without major difficulties by using delay subroutines if the necessary
parameters are determined by survey.

*Finally, as data are more avalilable, GNP shares between sectors and
within a sector should bo estimated and generated within the system
sfrucfdre as a functlion of related economic and policy variables. This
point has been mentlioned In Section 11l. The present analysis failed to
estimate the parameters of equations representing the GNP shares, mostly
due to data problems. This polnt, however, can possibly be Improved In

the future by revising equation specifications and collesting related data.



APPEND X



40
PROGRAM GROFTH(INPYT,IUTAUT)
DIMENSION CSHARFL(3),3TAX1(3),RTAX2(2),PTAX1(3),RPTAX2(2),

1c7RA<5>.chn<?);0A(3).Ecvlcss;ecvz(z).ECP1<3).crits).ca(a>,rcpzt31
1»CT2(2)4TNLTCI(3).TNLTCZ(22;GNPCI(3),G”PC2(2).TRA361(3).DGNPC1(3).

1PCDGCI(3).PﬂPCi(S).TRASC2(2).SAvGC1(3).?AvGCZ(Z).Rlcé),rNF;(3),
lcETi(SJ.PnPcz(z).nanpcz(z).PCDucz(zl.cOvc1(3).uuuc2¢2)

REAL IMPORT, 1APNR; .

SC='0.25

QUTER LOOP FOR THF CHANYE OF PARAMETERS START

Do 95 K=1,9

SC=SC+C,02
RTAX1(1)=0,¢
BTAX1(2)=0,u1
RTAX1(5)=0,u154
RTAX2(1)=0,10
RTAX2(2)=0,ul

Do 85 KM=1,5 _
RTAX2(1)=rTaX2(1)+0.01
RTAX2(2)=3TaX2(2)=3,0001
RTAXL(1)=2TAX1(1)
RTAXL1(2)=RTaXL(2)=0+0J0LD
RTAXL1(3)=RTAX1(3)*0.01
CSiz=-J,12

€s3=0,12

Do 83 IK=1,5

. €S1=CSL+C,02

€CS3=C53-2.C2
PRINT 65,5C

65 FORMAT(//.,5X,*Slae,r13,%)

PRIMNT 75, (RTAL2(KL)sRL=1,2), (RTAXI(LK)Y»LK=1,3)

75 FORMAT(e ¢, XswnTAXZ2(1)50,110,5,00TaX2( )29, F1.4,5,9RTAX1(S)er,
1F10,5,¢PTAXL(2)=e,710,500TAXL(3)30,F¢0(5)

PRINT 66 .

66 FORMAT(e «,0X,v3liPasliXs¢fiiiPLle, 10X, *GrP29,4X,+PCDICL(L)w, X,
1*PCDGELC2)#, 44, *PDGCL(S) #,4X, «PCIGC2¢L7#,4%X, #PLDGCR(2) @0 4K,
1*SHARLLe)

PRINT 63,0S51,CS83

63 FORMAT(# «, 5Xs#CS18°sF10¢5,5X,¢C520¢,F11,5%5)

PSH=(0, 2R
PSHMI=2,28
PSHMA=D, 35
EGP=,3354
RGPM=,3447
Pc=0,31
GPEM]:, 3354
GPIMI=,3457
GPIMHA=,40
GPEXMA=C, 40
POPCO1=151715,
BGPP3=2,007
GSH01=2,529
CsHO3=2,116
SHAREJ=0,1
SHAMA=2,2%
PRR=0,.416
PRRMA=.,416
RGP=0,17?
PRRMI=0,150

DO21 -1 4N


http:QPEXHA=C.40
http:QP1M,1k=.40
http:CS1=CSI+C.02
http:CS3=0.12
http:RTAX2(2)=D.ul
http:RTAX2(l)=0.1U
http:SCm-0.25

PR2MI=0,05
RG21=J,(02
PR2MA=0,10
BP21=0,0001
RGP1=-0,05
PRR1=0,h67
POPO=590C004,
PRR2=00269
PRR1MI=0,4
PRR2M!=(, 15
PRRIMA=(,667

. BGPPL1=-0,01
PRR2MA=(, 269
RGPP2=2,00027
SHAREL=],75
CSHAREL(L)=j, 929
CSHARE1(2)=,,35%
CSHAREL(3) =0, 116
RPROF=:|3
EMPLOY=50,0
CONY1=11351731,
RPTAX2(1)=(,1
RPTAX2(2)=0.0
SAV=A)N 659
BTRAS2=1,05
RTRAS:z=(.1
CTRA(1)=2,8
CTRA(2)=0,2
CTRA(3)=3,0
CTYRR(L)=0,0
CTRB(2)=1,2
C8(1)=1.03Cy,
Ci(2)=520°¢,
Cr2e1)=1720,
Cr2¢2)=13490.
ECY2(1)=0,5
ECY2(2)=0,7.
ECY1(1)=0,85
ECY1(2)=0,75
ECY1(3)=0,65
€T1(1)=2000,
CYi(2)=1209,
CTL(3)=1500,
CA€1)=33000,
CA(2)=4500),
CA(3)=53000,
RPTAX1(1)=0.C
RPTAX1(2)=0,C
RPTAXL(3)=0,0
CPINV=3,15
PG1=0,16

PG2=0,16

CLR=92,11
GNP=3534,28600
TALTHL1=1022,57E09
THLTH2=5952, 5/ 19
THLICL(1)=5:.3.71E.9
TWLTC1(?)=2338,94E.9
TULTCL(3)=119,34F:9
TRLTC2(2)=2952,54639
THLTC2(1)=34¢C..1:90


http:ECY2(2?=0.7w
http:RTRAS2:i3.05
http:BGPPI:-O.01
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CONY2=150000¢C,
PCDGP=53000y.
DGNNP=2A27,2E19
TINVT=635.Eu9 _
AGNDE4=3534,28FE39
AUTOINZ=50,1C9
AUTOI!I=5%0,E49
CCi=0.28
DO I3 JJ=1.,3

3 SAVGCLi(JUY=y, )
DO 4 KK=1.2

4 SAVYGC2(KK)=),4
TINE=9,9 .
EXPORT=1185,59E39
IMPORT=1232,52819
EXPORD=1145,52:29
IMPORD=1232,52E409
POP1=24%1344,
POPZ2=344815%6,
POPC1(1)=1578384,
POPC1(2)=6367240,
PoPC1r3)1=i517.5,
POPC2(2)=348254
POPC2(1)=4CJ05" .
POP=593¢0%55,
GSUPLI=%0,EJ9
GSUPL=53,LCO
GE1=0.25
TINC=2Cu 0O
GNPO0=.534,27E( 9
Ex1=0,15
RIM=C.,1
CTINP=3.C,E 8
Cp=36C,F00. _
OLGMNP=3C235,63E:00
TIME=0,C
DTe=0,25
T'Ono

A SIHULATION FOR & PERIUD OF 14 YEAQS STARTS

Do 106 MJ=1, 18 | |

THE INNER LNOP TERTS FUR 4 WUARTER OF THE YEAR

Do 105 JUM=1,4

GYP PPODUCEN SHARFD BFTWELN AG, Adﬂ NuM=AGs SECTURS

QLGNPY =SHAREL-CIL.GMP

GNP1=SHARE L «GHP

OLGNP=CLONP-DLONF Y

GHP2aGiF~nHp e

RGGNP= (GNP -NLGHPY /0L GVP

SHGI=(GEPI-0LCHP LY Z0LGNMYL

SRG2=CGMPo=LGIDZY 20LIH2

DO 11C KK=1,s

THLTH s THLT 11+0Tw 4 VG 1 (KK)
110 CONTIMNE

Do 11¢ t'hN=g,?2



115

120

125

130

43
TULTH2STHLTH2 D1« SAVGF2CNN)

.CONTIMUE
DISPOSADLE INCGHE 1S DEIERNINED FOR EaCH SECTOR AWD FOR GROU|
YTAX1=0,0 |

PTAX1=0,0

Do 120 11=1,3

GNPCLC(I])=0SHAREL(T]) ¢CMPY
!TAX1=7TAX1*ﬁTAX1(!l)-b"PC1(ll)/GWP1
PTAX1=PTAX1*RPTAX1(ll)t}dLTCIIII)/TVLTHI

CONTIMUE

GTAX1=YTAX1eGMPI+PTAX @ 1RLTHL
GNPC2(1)=FSHe Gl 2

GMPC2(2)=(ilP2-(t P2 (1)
YTAx2=RTAx2(1>ochc:(1)/suP2+RrAx2(2)oGMPCZ(Z)/Ger
PTAX2=RPTAX2(J)'TtLTCZ(l)/TNLTHZ*RPTAXZ(Z)tTHLTCZ(Z)/TNLTkz ‘
GTAX2=YTAx2~GPP?+PT1X?'}NLTH2 , -
GEXP=CTAXI+nTAY 24N SLFL

TRASF1=RTHASI»CEXF

DGMMNPL1=ANP1-GTAX1+TFASTL

PCDGP1=NGiI'MPL/FGPY

DO 125 KK=1,3

TRASCL(KK)=CTRA(KWK)#wTRASF] o IR Ol PR it
DGNPCI(KK)=GNPC1(*K)-?T‘X1(FK)‘GN961(KK3¢RPTAX1(KK)iI"LTCIlVK
14TRASC1(KK) I o
PCDGCl(KK):hGrPC1(KF)/PUPClth)

CONTItUFE

TRASFZ=PTFAS2sCFXE

DGNMPEZ=NP2-GTXx2¢ TPASF2

DO 13C NN=g,2

TRASCZ(MN)=CTPR (NS y# TIASF2 o e
DG&PC?<NN>=GNPCZ('N)-?TAXZ(NN).GNPce(uM)-PPTA¥2(NN)6TQLTc:(¢uJ

1¢TRASC2(NM)

PCDGC?(”N):DGPPCZ(ﬂP)/PU°C2(NM)
CONTINUE '
PCDGP2=NGNNRR/POP2

OLPCD=zPCDGP
PCDGP=(DGNMP1+DSNVEE ) /PUP

CONSUMPTIOUN EXPEND]TURE [S DETERMINED FCR SECTOR' AND GROUPS

. D0 135 11=1,3

135

140

145

150

couc1(xl>=CA<1x)+ch1(11)-Pcnsc1(lx>0c71(II)-TxME

"CONTIMUE

oLcoYi=ronyy -
comv1=ecv1(1>-P10T:1<1)*Ecv1(2)-Psn3c1(2)¢Ecvi(3)'Pc0031!3l@
DO 140 Ju=1,2 R
CGNCZ(JJ)=C7(JJ)¢FCY2¢JJ)*PCDGCZ(lJ)chZ(JJ)tT]ME

CONT[NJF

oLcoy2=roNy)

CONY2=ECY2(1)*PDICTL1)+ECY2(2)eP2D3C2(2)

CONEX1=5,0

DO 145 mMM=1,3

CONEX1=COMEXL1+CINT L (M) «IIPCL(MM)

CONT I HF

CONEX2=¢,0

DO 150 I1=y,?

CONEX2=C0TIEX2+CINI2C 1) #P0P22( 1)

CONTINYE

CONEXP=C0OVEXL+C YD



111

112

- 155

160

163
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_THE AGGREGATE JEMAND IS5 DETERMIVED

PMINVT=5AV+AUTOIN
GINVTL=PGlerEXD
GINVT2=PG2e¢3FXP
GINVT=INVTLI«G IVT2
QLTINT=TIIVT
TINVT=PHIUVT G VT
REPLOY=CLQ'(T11/T'OLTlN:l
EXPNET=EXPORT~]I"PART
OLDGP=)GMYP
DGNNP=)GN'IP1+D 3 INPD
OLDAGD=AGDE ¢
PGEXP=GFXP-TRASF1~TRASF?2
AGDEM=CONEXP+PJINVT+PGEXP+ELPYET

AGGREGATE MaARGInAL PRIPENSITY TJ CO4SUME IS DETERMINED

RMPC=0,3

RMPC1=1,0

Do 111 Ju=1.,3 ,
BHUPC1=RIMPCL-ECYL(.JJ) #PGPTL(JJ) sPOP
RMPC2=2,0 ,

DO 112 XK=1,2
RUPC2=RMPC2+ECY (KK ) «PNHPT2(XK) /P0P
RYPC=RIPC1+IMPC2

GNP GRUWTH IS TETERMINED AS A FUNCTIOYU 7 AGIREGATE OEMAND AdD P,

CAGDEM=AGDE 1N VARD=( VGNP =ILIGP) *R1PL
RGNP=CAGIEN/ (17112 3)

SAVINGS 1S NETIRMTIED AS A AEZ[OUAL OF 1icOME AFTTZR CINSUMPTINY

SAV1=0.0

DO 1%5 JJ=1,3

SAVGCL(JJ)I=NGHPCL () =CUICL(JJ}
SAV1=SAVL«DT«S5AVGT(J.))

CONTINUE

SAV2=20,0

DO 160 KK=1,2

SAVAC2IKK)=IGNPC21 KX ) =CUNC2(KK)Y
SAV2:5AV2+DT 5 G (KK)

CONTIHUE

SAV=SAVL+35AY2 .
IFCONOT CCIVEN, 1) OR tJeEN a0 ANDG1,EQ,152))60 TN 163
PRINT 9J0,G1P,G1PL,GNP2, (PCOUCICD) 124, 3),(PCNGL21JYsJE1,2),
1SHAREL

T=aT+DT

NUHBER OF HOUSEVMOLDS TH EACH GROUP ANn SECTOR 1S NETERMINED

POP=POPC+EXP(RGPWT)

POP1=PRReaPQP

POPZ=POP-PP]
PRRePRENI 4 (PRINAPERNIY #ZXP(RGPLYT)
POPCLCLY=PRAI L+ PP
PRRIZPERINL « (PPE L A=PIRLM L) o EXP(RIPPLeT)
POPCL(3) =P CLLsEXPIROPFIeT)
POPCL(2)=P0P1=pPTPra (1) =rI0T (3
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’ POPC2(1)=PR21*POPP

aan

9921=PR2H16(PR2NA~PR2HI)tExP(RgaltT)
EOPCZ(2)=PUP2-POP02(1) :

ALL RATE VARIABLES ARF UETERMINED |
OLGHP=GHP
GMP=GNP+DT«QGNP
Do 165 LL=1,3
THLTCl(LL):TwLTC1(LL)*DI'SAVGC@(LL!
165 CoNTInNyE
Do 172 MM=1,2
‘ Tercz(HM)=YWLT02<HN)*D!'SAV062(HN>
170 CoNTINuE
EMPLOY:EMPLOY‘DT*“EPLOY
TIHE=TI“E*DT
PSH=PSH“I+(PSHPA-°SHH!)'EXP¢PC~T)
Auraxm:aurolﬁc+cc1.tGVP-OLGNP)
GSUPL=GSUPLO*GE1'(GNP°0LGNP)*TINC'T
EXPORT=EGPegnP
IMPORTzRGPN eGP
EGP:GPEMI+<3PFXMA-GFE“I)'EXP(Exltf)
BGPHzﬁPlHloccplnnn.GPIHl)tEXP(RlM'T)
suARs1=SAAREQ¢(S4AHA-SHA?EU)!Ex°(SC'7)
CSHARCl(l):CSHﬁl'FXP(:Sl~T)
CSHAREl(3):C5403-FXP(CSJaT)
CSNAREl(?):l-CSNA?El(1)-C5d4461(3)
105 conTlays o . |
PRINT qga.cvp,cn91,uN=2.(PCDG:1(l).lli(J).(PCDGCZ¢J)oll:.?).»
1SHARE] ‘ L
00 FORMAT(« *19613,5)
100 coiTluys
83 CONTIHy=
85 CoMT InyF
95 CONTINYE

END
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