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This paper revisited the key advances on System Dynamics modeling about
traditional macro-economic models and economic growth structures, and then tries to
elaborate a new model based on the endogenous growth theory that incorporates new
growth factors, relevant to knowledge/technology as well as the Environment, into
traditional growth models. Accordingly, the new model augments the acceleration and
multiplier loops and the balancing ones representing market clearing mechanism
with a simple numerical example. The authors thus provides macroeconomic System
Dynamics analysts with a milestone to model macro-economic structures reflecting on
traditional and cutting-edge theories on sustainable economic growth and general

equilibrium modeling.
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[B 2 : Endogenous Macroeconomic System Dynamics Model]

In order to change the old AK model into the Endogenous growth and
market clearing one, it is assumed that producers of final goods in a
competitive market employ manufacturing workers and a continuum of capital
intermediate goods produced by monopolists who developed new
technologies. This assumption follows one of the endogenous models
presented in Chapter 2, 3, and 5 in Aghion et al. (1998).

1. Gross production, technology, and total demand

—a (! . R a —u
n Total production: O=1L, IOA(Z)'k(Z) di=K"(AL)'

Q=K*(AL)"™* = Ak“L,"* = A-k-kLR*" = K - kKLR*"'
0 Final output is produced using labor Liand a continuum of

intermediate goods k(i) where each 4(i) indicates the productivity

of intermediate good ! < [0,1]

00 Each intermediate good is produced according to the
constant—returns production fcn k(i):K(i)/A(i) where K(0) is the
amount of capital used to produce good ic[01]: h a symmetric

equilibrium, k(iy=k = K/ A for all i <[0,1] where the parameter A

1
indicates the average quality A= _[0 A(i)di

k/ _K
1 Capital labor ratio: kLR stands for /Ll B /4L1

d
| Knowledge stock A : ZA =onl,4

1 Let A™ denote the maximum of all existing 4({)’s: Each time an

innovation occurs in a sector 1, it creates a new generation of
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intermediate good 1 with a quality parameter equal to the current

value of “leading edge technology” 4™*.

d
_Amax :O_ L Amax )
O dt % . Suppose that the economy-wide frequency of

innovation is proportional to the amount of R&D, 7L, where Mis a

positive parameter of the research technology indicating Poisson

arrival rate of innovations to a single research worker and L,is the
number of the workers.

[0 Suppose that each innovation is equally likely to occur in any sector
(regardless of the preexisting quality of the intermediate good in

that sector). Thus the leading edge parameter (in the long run) will

be exactly proportional to the average parameter, A™ =(1+0)4

d
ie. EA =onL,4
[ | Total demand:

Y=C+I+N+G+(EX-IM), y=c+i+g+n+(ex—im)

0 EX, IM, G, Tax : exogenously given

L, = 7 = ]V
1 Input to research N: 2 A M GPL - A™

2. Investment and capital market clearing

d
| Uninvested saving stock: aS =R-S+ (YD’ +Tax - Y)

iR = r{fz(DiSJ—R} where f, <O'

| Interest rate: dt

_ i=(DK -K) whereiKzrsi—QK
| Investment: dt
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[0 High demand in the final good sector causes to employ more
intermediate goods and produce more than before in order to clear

the demand. This desired amount of intermediate goods In
production to clear the demand Dk is determined by
MP,, =MC,, -
a-0O
mp, =42 5 | . |
o Dk  Wwhere QO is the desired production quantity

to clear the demand

o MCy, (in producing the final good) = prices of the continuum
of intermediate goods produced by monopolists: following their

rule MRDk(i) :MCDk(i) and the assumption that each monopolist

rents its capital with the market interest rate R, then

monopolists’total cost of producing Dk is R-A-Dk plus

depreciation of capital 1K (=74dk)  Thus monopolists’

MCDk:R‘A"‘TéA, which is also equal to the price of

intermediate goods.

a9 DK=Dk-4=22
O Thus Dk =RAd+7,4 , Le. R+,

3. Household income, consumption, and goods market clearing

d

General Price Level: EGPL =4 [f1 (Dzn —in ) GP L] where f"'<0

d

Inventory: ¢ = =0~ GPL)
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Din=in Whereiiﬁ =T, X in
dt GPL

Desired inventory:

_ d — _
Consumption: C=6-Y Wheran - 2-3(YD _Y)

Disposable income: Yp; = R- (K+8)+W L +a(l-a)Q —Tax
0 al-a)Q: monopolistic profit flow in the intermediate good sector

o Monopolists’ total revenue: The price of k is MC, in the

competitive final good market, thus the revenue of the suppliers
of k is MC, -k =adAL k" = aQ

o MRDk(z’) :MCDk(i) for each monopolist yields that the

marginal cost in producing k AR+174) s equal to the marginal

O (MC.k) = o ALk = Y
revenue o ko ! ~ k , thus the total cost

in producing k is a’Q and the profit is aQ-a’Q=a(l-a)0.

4. Input to research, labor, and labor market clearing

ikLR =1, l:f3 (%) — kLR] where £, >0

Capital-Labor Ratio: dt L

L=

k/ _K
0 kLR~ J(A-kLR). KLR = A-kLR

d _
—MP, =7,|MP, —MP
Average Marginal Productivity of labor: gt  “ Tg[ L Ll]

[0 Marginal productivity of labor in the final good sector:

yip, - (=00
1 Ll
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d u
—W=r — |=W | where f] <0
Wage: dt 9{](4(5] } /s .
uzl—_L1 whereiZ:p-Z
[0 unemployment rate: L-L, dt
d _

—u
[0 Average unemployment rate: dt

=T [” _17]

Labor—-Research Ratio:

d w
—LRR:T — —LRR Where ! >O
dt 11 f4[MPL2J f4 .
L. = L, _K
O 2 LRR (A-kLR-LRR)
Average Marginal Payoff of research worker:
d __
S MP, =, |mp, —MP, |
al-)0 N
(1 Marginal payoff of research worker: b R+nL, L,

O

Let V denote the discounted expected earning from the next

innovation. And the current input to research toward the

innovation is N/ L, The number of research workers is

determined by the comparison of the wage and the expected
payoff of a unit time in research (nV —N).

The value V is determined by the following asset condition:

R-V =r—-ALV where 7is the profit flow attainable by the

intermediate good monopolist in the future. R-V is the expected

income generated by a license on the next innovation during a

unit time interval, and ﬁLzV means the expected capital loss that

will occur when the next innovator is replaced by a new
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innovator and therefore loses V.

T
o B R+nL, and r=a(l-a)Q  (Refer to the last part of

2.3.)

5. Balance, External Debt, and Government Expenditure

[ ] Export, import, government expenditure, and tax 1s given:
d B, =EX—-IM
O Trade and government balance: dt ' B ,
d
—B; =Tax—-G
dt

[0 External debt can be considered if exchange rate € and

international interest rate ®e can be given:

5 Debt =R, - Debt=Service | Service= f,(EX —IM), f, >0

6. Environmental Modeling

[ | Environmental quality and pollution generation/abatement

0 Clean-up capital & clean—up knowledge Stock: K, andAe,
respectively (Xepapadeas, 1994; ZEj, 1995).

d
—K,=71,i,-7,-K
O dt e 13 e 14 e
o A4,=6,-4 reflecting the idea of Bovenberg & Smulders
(1995)

d
—FE=—1,P+6,FE
1 Env quality stock: gf Fia 2

Pezzy (1992)

following Beltratti (1997) and
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1 Pollution/waste: P=B-Y” referring to Aghion & Howitt (1998)
[1  Pollution abatement activities: B = f7(4,,K,,L,)=(4, ‘Key ‘Lew)il

Clean-up labor L,: This is incorporated in order to explain
the effect of job creation (and therefore income effect) by
environmental investment (ZEjY, 1995).

y+o=1 or y+@#1: an empirical test needed

o ThUS, P = Ae_l 'Ke_y .Le_(a ’ Yﬂ
7. Environmental Feedback to Economy

Productivity: O=K- kLR - fs(E) where f;'>0

O Utility: U = fo(¢, E)

Environmental capital investment I,

Ke = ke k- .
0 Assume that 0,4 and X.is also a subset of the continuum of

intermediate goods that does not cause productivity in the final good
sector.

o The production fcn remains same as before, but the

monopolistic profit of env capital goods and the household

income of the clean—up labor L, increase.

0 The decision to Iincrease Ietherefore follows not an economic

reason, but regulation such as emission standard £ES. Thus,
i, = fi,(P|ES,A4,) where f,'>0

o Moreover, in this aggregate model, because the fact that

monitoring activities by regulatory authority and penalty
schedule of the wviolation of penalty are negligible, only assume

that all producers should and willingly follow the standard.
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O

Income and total demand adjustment by introducing I,

Total Demand: ¥ =C+I+1,+N+G+(EX - IM)
Assume that the wage of clean-up workers is same as the

manufacturing workers’. Consequently, clean—-up and manufacturing

workers are same and now, L=L,+L, where L, stands for

manufacturing labor.

Y, =R-K+W-(L,+L)+a(l-a)0+[I, —(R+7,)K,]-Tax

0 Clean—up household labor income: w-L,

o The amount of the monopolistic profit of env capital goods is

basically determined by the regulation cost, i.e. the minimum
cost between clean-up cost and penalty (as in Stranlund, 1997).
However, in this model, no penalty is assumed, the profit is thus

the income of monopolists minus the rental and depreciation rate

of capital i.e. {{,-(R+7,)K,}

=2 2008.10.30 / AlAtetz2d: 2009.04.01



