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« RECONNAISSANT qu'il importe d'établir une responsabilité objective =
pour toutes les formes de pollution par les hydrocarbures qui soit liée a une
limitation appropnee du montant de cette responsabilité ."
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Introduction
This papsr examines theoretically the effect of a financial embargo on the long run
economic growth rate of a small open economy using simple open economy version
of the §olow and the Ramsey model.: In the open economy version of Solow model, a
sudden interruption of the foreign borrowing to the target does not influence the Jong
run growth rate of the target country. However it does influence the levels of per
capita variables in the long run. The open economy version of Ramsey model implies
that financial embargo that is the interruption of foreign borrow;ng to the target
country whether the financial embargo is permanent or temporary, unanticipated or
fully anticipated, per capita capital stock will settle down at lower level in the long
run. Per capita output f{k) will settle down at lower level in the long run 100. The
longer the period of imposing the fincneial enibargo is, the lower level of per capita
capital stock and per capita output in the Jong run will be.

The reminder of this paper is organized as follow. Section 2 presents the
analysis of the open economy version of the Solow model as a departure analysis of
the open economy Version of the Ramsey model. Section 3 presgnts the analysis of the

open economy Version of the Ramsey model. Section 4 presents the conclusion of the

paper.

2. A simple open economy version of the Solow model

2.1. Framework:
Firms produce a single commodity Y by means of capital K and labour N. For

simplicity assume that the technology is Cobb-Douglass with constant return to scale.



Y =K°Ne! (1)

The number of workers equals the population.

Domestic residents savev a certain fraction of their income;

S=s.(Y-r.D) . 2)
Where r,, is the interest rate paid on foreign debt®. The rv is exogenous as a
result of the assumption of the smallness.

Y=C+171+X (3)

where X is net exports.

With perfect capital mobility r= r, where r is the domestic interest rate.?
The D is the country’s debts and r,,.D is the interest outflow.

The B is the current account deficit.
B=X+r,.D=-X+rD, “)

Where X is the net exports.

Foreign borrowing adds to the foreign debt.

D=3 (5)
Investment adds to the stock of capital.

K=1, (©)

I assume zero depreciation rates to simplify the model.

! Neglect the technologica: progress and depreciation rate to simplify discussions.
2 Assuming that r, is less than r, where r is the domestic interest rate.

® This is because, if we are in the steady state of the closed economy. And if r > r,. Then if we allow
for openness with perfect capital mobility. It will be very large capital inflow, the capital stock will
jump up immediately until the marginal product of capital be driven down 1o be equal r,. Then in the
open economy with perfect capital mobility, r = r,, since *(K)opee = 1 if markets are competitive. .



In per capita terms, the model becomes:

k =(arr)"" (7)
y= (an)*" " ®)
y=ctitx . 7 %)
S=s.(y-rd), (10)
b=-x+rd (11)
d=b-nd (12)
i=nk’, (13)

From equations (/1), (12) and (13), we can find,
d=i-s@-red)-nd (14)
per capita current account deficit equals the difference between per capital

domestic saving and per capita domestic investment.

2. 2. Steady state equilibrium:

s this economy will reach a steady state per capita debt or it will grow

endlessly?

To answer this question, let us assume that the economy reaches a steady
1

State. The motion of per capita debt comes to a halt, d = 0.

nd = nk — s(y-rvd). (15)

* where ['(K) ypen =7 = Tw and r,, is constant, As a result k and y are constants since r = ay/k’y =K,
Thus, & = ((a/r)’ " and y = (a/r)@*¥. k equals k* (per capita capital stock in the steady state
equilibrium) and y equals y* {per capita output in the sicady state equilibrium). See Barro & Martin,
1995, p.g.117 and Michael Carlberg, 1997, p.g. 17.

S Where d = d (D/N)/dt = [N.D ~ D.NJ/N' = [NB-D NJ/N' = b-nd

© This is because K = Nk, then K =Nk+kN, k=0sincek is pinned down by r.. Thus,
K = kN = nK. Thus K = nK weather in the sieady state or not. Since Investment

adds to the capital stock. K =1 Thus!=nK, i=nk



The other equations of the model still hold in the sieady state.

“Now we can check the stability of the steady state.

In the dynamic equation (14), we ha~

d = f{d)’, then we can find:

dd/dd = r,s - n. (16)

This gives rise to two cases:

If n>r,s, then dd/dd < 0, the steady state will be stable.

If n < r,s, then dd/dd > 0, the steady state will be unstable.) ®

0;1 the other hand, if n > r.s, the () — r,,d) will be always positive whether in
the short run or in the long run. Whereas if n < r,s, the (y -r..d) will be
negative in the long run and this is nu: reasonable.

To prove this, substitute the steady state per capita debt into (y —r,d). Thus,

O -rud) = (I-gnyl(n-rys)’. (17)
The numerator of equation (/7) is positive. The denominator of this equation

is positive only if (n > rys).

Intuitively speaking, If d= D,’then nd = nk - s(y-r.d).

The nd line is a proportional to per capita debt. The n is constant rate, If d
increases by constant rate, then nd is upward line,

On the other hand, nk - s(y-r.d) = nk~sy + r,sd The kis constant'®, the yis
constant, and both » and s are constant rates.

Then (nk — sy) is the intercept parameter of [nk — s(y-r.d)] ray. The r, is

constant rate as well, so r,s is constant slope of [nk — s(y-rd)] ray.

"o is a function of d

¥ This satisfies the empirical studies, see Michael Carlberg, 1997, p.g.18.

9 Since d* = (nk — syM(n-rs) and y = (a/r) ", k = (o/r) "), Thus, y - rd in the sieady state =(nk" -
mk)/(n-rs). Thus, ak®(1 - r k"*N/(n - 1s). Thus, nk®(1 - r({e/r) "M )/(n - 1s) = ny (1-a)/ (n-rs).
Thus, (y - rd) in the steady staie equals (1-a)ny/(n-rs).

' Because it pinned down by r,,.



The two lines, nd and [nk — s(y-r.d)] have positive slopes. Thus the two lines
intersect only if the slope of nd line .. : igher than the slope of [nk — s(y-
ryd)] line, if n>rys. Otherwise (it will be no in{erseclion between nd line and

[nk — s(y-r,d)] line if rs > n. In last case per capita debt will grow endlessly.

Figure 2-1 illustrates the steady state equilibrium of per capita debt''when n

> rs and figure 2-2 illustrates the case ofn<rs.

mk-s(y-rd}

“ak-s(y-rd)
0 (4 4
Figure 2.1. Figure 2.2.
The economy will reach 10 a steady state. Per capita debt will grow endlessly
Steady state per capita debt determines by when n < r.s.

The intersection between the nd line and the
nk —s(y-r.d) Line.This happens only when n > r,s.

In the first case; when n > rs; before d*, the growth of per capita debt is
positive since a'. =j- S(y-ljd) —nd, 1< clincreases and dueton> s, the
increase in d will lead 10 a decrease in the growth of per capita debt until the
motion of per capita debts comes o a halt , and d reaches d*.‘

After d* the growth of per capita debt is negative, the d decreases until the

motion of per capita debt comes 10 2 halt, and d reaches again d*.

Whereas in the second case; when n <rs; the growth of per capita debt

1 gee Michael Carlberg, 1997, p.g. 34.

'2d.=i——x()'-rd)-—nd=i-sy+r§d—nd=. y-(n-rsjd.



will be always positive. per capita debt always increases and due to n < r,.s
per capita debt accumulates forever. The country will keep paying the
interest on }he ongoing debt forsver. The y - r,d may become negative in the
long run. This of course is unreasonable and does not satisfy the facts of

the real world; lendersvwill not lend forever without limit or collateral.

On the other hand, the capacity of the debtor may not handle this huge

extension in the inflow of foreign capital.

We must impose the condition of n > rs for the steady state to be

stable.

The following equations wi'" be hoki ., the steady state.

k=k* = (a/r)1f" ™ (18)
y=y*= ()" .19
d* = (nk - sy)/(n-rs), _ (20)
(v - rd)* = (I-a)ny/(n -rs), 2l
d* = k* (an-rs) /a(n—rs)", (22)
d* =[(s-an/r)( ofr) " Jfn-rs), 1 (23)

a*/k* = (em-rs) /a(n —rs)

put o= (an-rs) /a(n-rs) Thus, d*/k*= p (24)
b* = nd* = n[(s-an/r)( &r) “" 9 YY(n-rs), (25)
X* = (o) d* = (m)d[(5-an)( @) O nrs), (26)
c* = (I-s)(1-a)n(arr) “ %/ (n-rs). (27)

1 Since d* = (nk — sk/(n-rs), then 4* = k[(n-sk""®)/(n-rs)]. Then d* = kf(n - s(a/r)™* ““Y(n_rs).
Then d* = kfn-s(r/a)]}/(n-rs). Thus, d* = [(an—~ rs]/ afn-rs).
" From equation (3) and equations (/&2).



i* = nk* = n(a/ir)1/"% (28)

2.3. Process of adjustment:

This section presents an analysis of the effect of a sudden shock of an interruption
of foreign borrowing on the long run economic growth of this small open economy

with perfect capital mobility.

ﬁ the beginning, the economy is in the steady state. There exists perfect
capital mobility. Per capita capital stock and per capita foreign debt are
constant.

Then, suddenly, lenders impose a financial embargo. More exactly, the

foreign borrowing will be zero b = -x + rd = 0%,

In the transitional period, i =d+ nd+ s1y-rd)"®. After imposing the financial embargo,

b=0thend +nd = 0", then i = s(y-rd).

Thus after imposing the financial embargo i decreases from i = b + s(y-rd)
10 i = s(y-rd). Pertapita capital stock next period will decrease. Per capita
output next period will decrease'®. Per capita income will decrease as well.
This will lead to a reduction in the per capita consumption and saving.
The decrease in the per capita capital stock leads to an increase in the
marginal product of capital. This mav attract more foreign capital'\“’.

However, with the persistence of the financial embargo, it will be no new

inflow of foreign capital.

Bx=rd=.
' Rewrite the dynamic equation.

Whered = b-nd, thenb=d + nd.

", e

9°Gince with competitive markets 7 = f'(K). Now there is no perfect capital mobility any more and the
domestic interest rate will differ from the foreign interest rate.



In the end, the economy approaches a new steady state®®, Per capita capital
stock stops to adjust k = 0. Per capita capital stock, per capita output, and
per capita consﬁmption have settled down at lower levels. Per capita debt is

vanished. The same effect on per capita net exports?’.

Figures 2.3. Illustrates this mechanism.

A iy

.

Figures 2.3: The effect of the financial embargo on the per capita variables in the long run.

2 In the new sieady state, sf{k) = ak, the same steady state in the closed economy since r.d will
become zero. Per capita net exports will become zero too. Per capita foreign debt is vanished since
there is no accumulation of per capita foreign debt.

See Hufbauer & others, 1990, p.g. 70. And Kaempfer and Lowenberg, 1992, p.g. 80.

2 Gince, per capita debt will vanish in the long run and rd will vanish as a result.



2.4 Conclusion:

The interruption of foreign borrowing has no effect on the long
run economic growth rate in the small open economy version of Solow
model with perfect capital mobility. Any change in the economic growth

rate will be in the short run only.

If any new foreign borrowing is prevented, then: per capita
capital stock, per capita output, and per capita consumption will settle
down in the long run whereas per capita foreign debt will vanish. The

new steady state is the steady state of the closed economy.

Discussion:

Michael Carlberg has analyzed the effect of the international
credit rationing on open economy version of Solow model with perfect
capital mobility. And found that, “In the long run, capital, output, foreign
debt and consumﬁtion have settled down at lower levels, in per capita
terms, respectively, whereas there is no change in the economic growth
rate in the long run. Any change on the economic growth rate will be in

the short run only.

My analysis differs from Carlberg’s analysis since 1 analyzed the
effect of the total financial embargo; i.e., stopping the foreign borrowing
to the target country. The effect on the long run economic growth is the
same whereas the effect on the per capita variables in the long run is
different in the behavior of the per capita debt. In any analysis, per
capita foreign debt will vanish as a result of preventing any new
borrowing whereas in Carlberg’s analysis, per capita debt will settle

down at lower level, since the assumed that lenders



11

impose a constraint on foreign borrowing.

But in my analysis I assumed that foreign borrowing is totally stopped.

3. A simple open economy version of the Ramsey model
3.1. The framework :»

Same assumptions as in the open economy version of the Solow model ¢xcept that
households maximize their utility within an infinite horizon.

Max Uy =0/ e In (cpdt ' (29
Subject to:

di=c,+ i+ pd (30)*
k=i, " (31
p=r. ‘ 327
lime™™d,=0. (33)%
1oz

Necessary and sufficient conditions for a maximum are:

u'le) = p, (from cH/ &, =0), (34)
The shadow cost of foreign debt 4, equals the marginal utility of |
consumption u(c)

q, =1, (from cH/3i, =0), (35)

The shadow value of the capital stock equals 7 27,

% The reader can find a full solution of this model in: Mohamed G (2004).

* Jet n =0 to simplify discussions.

 This condition for the stability of the steady state, see Carlberg, 1997, p.g. 67 and Blanchard &
Fischer, 1996, p.g.30. '

 “The country should borrow until the marginal utility of consumption is
equal 1o zero, and then borrow further to meet interest payments on its debt.
It is unlikely that the lenders would be willing to continue lending if the
country’s only means of paying off its debt were to borrow more.
Accordingly, we impose the No Ponzi Gam~ NPG- condition™,

Olivier Jean Blanshard & Stanley Fischer, 1990, p.g. 60.
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H-pne Pt =- H, /= + pupre™. (36)
And,

o[p g ePJ/31 = - GH/ Ok = -p €” f(k)y (37)
Consumption:

The optimal solution for consumption will be:
c=0, ' (38)
Thus, consumption is constant on the optimal path.
c=c*

. (39)
To obtain the level of consumption, we integrate the flow budget
constraint , which yields,

_7e"'c,‘dt=,o/:”"{f(k‘)-—i,} di—dp (40)

[

The present discounted value of consumption o/: “# ¢, °di is equal the present
discounted value of net output 0/: “# {f(k) - i} dt minus the initial level of
debt dy

Investment.

From (35), The shadow vaiue of the capital stock equals J.

And since we have just one good in the model, we can normalize the
purchase price of the good by J. Accordingly, the purchase price equals the
shadow value of the capital stock, thus, i equals zero and thus k equals

zero. If this is hold, k is constant.?

27 Gince we have one good in the model, we can normalize the purchase price of the capital stock by 1.
Thus, the purchase price of the capital stock equals the shadow value. As long as this is hold, the
investment equals zero.

Note that if we impose an adjustment cost for investment in the analysis, the investment rate becomes
higher than zero.
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Equation (40) yields the following condition:

p=rk), : (41)
This‘is just the static capital equilibrium condition. For optimal capital
stock, marginal product of capital equals interest rate. This condition holds

in the momentary equilibrium and in the steady state®.

Thus, we can solve the equation (41) to find:

¢ =fK) - pds : 2%
Consumption equals income. The marginal propensity 10 consume out of

income equals J.

Saving:

S=fk)-c-pd=0" (43)

This is because income equals consumption.

Current Account:

bi=i-5=0 @4”
Thus,

x = pd, (3)”

2t

This is because there is no adjustment cost in the model and then & = i.
2

Thus, there is no capital gain in this economy since g, = / and then g, = 0. ‘

30 .

It is obvious from (2.67) that d is constant too, thus, d = 0.

This result because p = r, and there is no adjustment cost in the model. Carlberg (1997) found the
same result.

The complete solution of this part is in Appendix B.

*Since S=fk}—c-pd c=flk)- pd. Thus, 5= 0.

32 This is because both i and S equal zero.

¥ Since, b= -x + pd and since b=0, thus, > -~ pd.
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Net exports equalp:dept payment. This is hold in the momentary equilibrium and in
the steady state since the optimal solution of the model leads 1o zero foreign

borrowing since both optimal saving and optimal investment are equal zero®®,

3.2. Steady state and dynamics:

3.2.1. Steady state and dynamics of consumption, nel output, trade and current
accounts

Figure (3-1) shows a path of output f(k,) that is constant over time* and the path of

consumplion that is conslant over time as well.

€, neqoutput
Ji)
A A A 4 1 A A 4 hd
A4 Y A4 ) A v v Y v
c=J)-pd
[} Tune

Figure (3-1): Both the paths of consumption and output are constant through time and the
difference between both of them is constant too whether in the steady state and in the momentary
equilibrium. The value of the current and future trade surplus equal pd whether in the steady state
or in the momentary equilibrium since always output is higher than consumption.

3.2.2. Steady state and dynamics of investment and capital

According to this model, / is equal to zero and & is constant since the shadow value

of the capital stock g equals /. Thus with the absence of the adjustment cost of per

capita capital stock, the economy will jump directly to the steady state®,

Section 3.2.3 illustrates the effect of imposing an adjustment cost for investment on

the steady state and the dynamic of the model.

3% gee Blanchard and Fischer (1996) and Carlberg (1997) in this point. We find this result because we
did not impose the adjustment cost of per capita capital stock in our analysis.

3 Since k is constant over time and output is f{k,).

* Note that (dc/d=0), (dk/dt=0), and (dq/dr=0).
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3.2.3. The effect of imposing af adjustment cost for investment on the steady state
and the dynamic of the model:

Let T() be the installation cost function that has the following properties:
(i) T0) =0,
(i) T0)>0,

Gii)  2T°(0) + i/kT*"0) > 0. %7

Necessary and sufficient conditions for a maximum will be as the following:

Hi=u'(c), (from dH/é&c,=0). (46)

The shadow cost of foreign debt 4, is equal marginal utility of consumption
g =1+T(i/k)+ (i/k) T'(i/k), (from SH/Oi, =0), (47)

The shadow value of the capital stock is a function of the rate of investment.

A-pueP)ot=-0H, /3= + y pe™ (48)
Ofpi g €7)/01.=- OH,/ Ok = -p e[ L'(k) + (i/k) T'(i/k)]. (#9)
Consumption:

The optimal solution for consumptice= is:
=0, Thus,
¢, = ¢ = consiant. (50)

This happens because p =r,,.

By integrating the dynamic budget constraint, we can obtain the following

intertemporal budget constraint.

Je~+cidi=[e® () ~if ]} di~do 61)

37 see Blanshard and Fischer, 1996, p.g. 59.
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Where dj is the initial debi .

{ e ? k)~ iif.]} diis the present value of net output.

If we put,

= fe k)il = do. 52

Equation (32) becomes,

@

fe Pedt=vy (33)

0

Since consumption is constant, we can linearlyﬁﬁsin'g this budget constraint
10 figure out:

c=pvy. 54
According to (54), consumers depen on the annuity value of wealth.

The marginal propensity 10 consume out of wealth is constant and equals the
foreign interest rate.

Saving:

Accordingly, the optimal saving becomes,

5= ) - p o 00 il ] d 56"

According to equation (36),
) Saving is high when <. rent output is high relative to future

expected output.

(i)  Savingis independent of the level of debt since the increase in

debt jeads 10 a reduction in income of p d(d)’” and a reduction

3 gee Appendix (A). 7 is the dumniy variable of integration.
“ First d is differentiabior
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in consumption of p. d (v} = p. d(d). Thus, the change in

saving equals zero.

Investment:
On the other hand, the optimal solution for investment leads to:
g =1+ T (i/k) + (i/k) T'(ivk).

Where g, is shadow value of the capital stock.

(57)

Equation (57) implies implicit function theorem since T(0) = 0. If the rate of

investment = 0, the installation cost = 0and ¢, =/.
Then we can re-wrile equation (57) as:

g, = y (ik), v >0 o) =1,

“The g, is monotonically increasing function in i/k,
Thus we can re-write (37°) as:

i=y'@) =@  @>0  A)=0,
Where y)" (g, is inverse fun(;tion of v (q).

From (57) we can determine g,, since,

po g€+ 4, €7 - g€ = - €L + (k) TG/
From, A, =0, ;), g e# = 0. Thus (58) becomes,

9= P4 - [f'() + (i/k) T'(G/k)].

Substitute (57"’ into (59) then,

ai=pq - [(k) + (2(@) T (@ @),

(577

79

(58

(59)

(60)

Equation (60) is a first order differential equation, the solutien of this

equation is:

4= / e”™ [f'(ky) + (2 (@)) T(D (g9)]. dr,

(70)



Where:

7-(: is the dummy variable of integration.
J'(k): is the marginal product of capital.
7 }q ,))" T(& (g)): is the marginal reduction in the installation cost from
higher capital.
According to equation (70), the shadow price of capital g, equals the present
discounted value of future marginal products®’.
Thus g, and thus i/k, does not depend on the level of debt or does not

depend on the characteristics of the utility f unction.*

Current account deficit:

Since, d, -pd,=c¢ +if]-fk). Thus,

d,= if]-S. (71)
The current account deficit equals in\_'.eslmem minus saving. Neither

investment nor saving is aifected by the stock of debt, the current account is

also independent of stock of debt.

47 “Marginal product is the sum of the marginal product of capital in production and the reduction in
the marginal cost of installing a given flow of investment due to the increase in the capital stock. The
higher the current or future expecied marginal products or the lower the discount rate, the higher are q,
and the rate of investment.” See Blanchard and Fischer, 1996, p.g. 62-63.

48 Gee Blanchard and Fischer, 1996, p.g. 63



3.2.3.1. Steady state and dynamics:

3.2.3.1.1. Steady siate and dynamics of consumption, net oulpyl, trade
and current accounts

Figure (3-2) shows a path of net output f{k,) — i f. J that increases over time as

the capital stock increases 10 its steady state level.

3

€, wel oulpqu

A
JK) - (1 1fie
{
C A B
Consumpiion
D
0 i

e

Figure (3-2): Sieady state per capita debt &' is positive and such that pd’ is equal 1 4B . The present
discounted value of current and future trade surpluses is zero. The discounted values of the two areas

DCN and ANB must be equal and opposite in sign.

If net output < consumption, country mwill borrow to finance the gap. Debt
accumulates during this phase.

If net output > consumption, the trade balance shows surplus. The debtor
offsets the trade surplus by interest payment.

The steady state level of per capita debt d” is positive,

pd =AB=1x : (72)
Where x is the trade surplus. ‘
3.2.3.1.2. Steady state and dynamics of inveslmen; and capital

Recall the following two dynamic eovations:

dkjd = k=i, = k. Pg),  D@)>0, A1)=0 (73)
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dg/di = g, = pai-1'(k) - @)’ T'[2q))], (74)
In the steady state,

k, =0, q; =0. Thus,

k=i = k. g)=0if g=1 ' (75)
Thus,
g=p-T'k), (76)

Re-write equation (76) to,

p=rk)+a (76
Equation (76 ) is the capital market equilibrium condition.

Where:

p: is the return on asset.

f(k): is the dividends on the ownership of capital.

é,: is the capital gain.

When, é, = (), then,

p=1. ' NG
Equation (78), is just the static condition. For optimal capital stock,

marginal product of capital equals interest rate.

It is obvious that the system of equations we have is not linear. So we have

1o linearize to get the approximation of linearity.

For the linearization, we take first order Taylor series approximation.

k;(q,,kt) and Z],(q,,k‘). This leads 10,

kigok) =K 2'4) (99)- (79
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And,

9Guk) = p(g,-q% - f(k%) (ki = k). (80)

Figure (3-4) shows the phase diagram that summéﬁzcs this information:

'],

v>

l

[ & ]

ql:]

Figure (3-4): Dynamics of investment and capital and the saddle path,

To draw g, we impose a condition 1h£t é, = 0, then,

Plar-q47) =)k - k), 1)
Then we figure out the slope of this by taking total differentiation of
equation (8/), this leads to,

pdg,’= 1"k )dk, (82)
Re-write (82) 10,

dq/dk, = f(k)/ p, (82)
S k)<, p>0, thus, S k) p<0at lgast at the neighbourhood of steady
state.

To know how the cconomy moves through time, recal] first,

k(ak) =K @G (ara') (83)

“2 d is differentiation.
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&'(q)>0. (grq)>0.

In the steady state, k, = 0, then when we mov‘e 10 the right of the horizontal
axis, the movement is positive if the shadow value of the capital stock > the
purchase price of the capital stock g, > J. The movement is in the opposite
direction if ¢: < 1.

Then recall,

aack) = p (4= 0% =T E) Ga= . (89
k< 0, (k,— k%) >0, Themj > 0. And cf—‘() in the sieady state. In the lefl,
the movement will be in opposite direction.

" Thus, the saddle pathis stable arm.

3.2.4. The effect of the finuncial embargo in the long run:

This section presents the analysis of the financial emnargo.’'lt analyzes the effect of

sudden and fully anticipated permanent shock and .cintn:ary shock.

3.2.4.1. the effect of an unanticipated permane’ i interruption of foreign
borrowings

At the beginning, the economy is in the stable path. There exists perfect

capital mobility. Per capita capital stock and per capita foreigr - €

constant. Then, suddenly, lenders impose 3 financial embargﬁ. More exactly, the
foreign borrowing will be £€10 b=0 pd=x=0. In the transitional perioc

investment will reduce from i[1+T(i/k) ] =d+ S, wifl +T(i/k)] = S, . As figure 3-
5) shows, the interruption of the foreign borrowing shifts (dg/di = 0) locus to the left

since the shadow price of capital ¢, is @ function of the rate of 'mves\men"

e ——

3! The analysis now cnables us 10 analyze the effect of the total interruption of the foreign bort

the debtor since with an adjustment cost of per capita capital stock. n and thus the model »

J pamic.

*7 (dk/d1=0) locus is unaffected since the tota} interruption of foreign LunOWINg will affect directty the
frow budget constraint. The first affect on investment is instarteea - the second movement of
caphal is gradually as 2 result of impasing the adjustment £ou i S analysis. See Bianchard
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steady state of the economy shifts from E to E’. The new steady state per capita
capital stock is lower than the initial steady state per capita capital stock. The new
saddle path is SS”. With the initial capital stock given by *, the path of adjustment is
composed of a jump at time 0 from E 10 4, and a movement over time from 4 to E".
The rate of investment is negative on the adjustment patl153, returming 1o zero as the
economy moves to the now lower steady stale per capita capital stock. Intuitively
speaking, the first jump from E to 4 is a result of receiving new information of a
financial embargo at time 0, the shadow price of capital ¢, decreases from F to 4,
investment ratio becomes negative. Capital decumulates. The marginal product” of
capital in production will increase. In the same time, the marginal cost for
disinvestment® decreases since the installation cost depends on the ratio of
investment to capital. As a result, the shadow price of capital g, increases along the
adjustment path until it reaches / with zero investment ratio at a new lower steady

state of per capita capital stock.

q

g*=1 3 & —{didy = 0

dy/di = 0)
> R

0 k' k* ke

Figure (3-3): The effect of a sudden permanent financial embargo shock on Dynamics of investment
and capital.

Thus, a sudden permanent financial embargo leads to a permanent reduction in per

capita capital stock. Per capita output must be at lower jevel in the new steady state.

and Fisher, 1996, p.g. 67.”The change in investment does affect the (dg/dr=0) locust but does not affect
(dk/di=0) locus. ’

*3 Since i,=0 when g, =1. Thus, i,<0, when ¢, <J. The installation cost is equal 1o zero at g, =1

3 The reduction in the investment.

% See equation (2 99) and its interpretation.
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On the other hand, according 10 figure (3-5), The present discounted value of current
and future trade surpluses is zero. The discounted values of the two areas DCN and
ANB must be equal and opposite in sign. The new leve! of consumption is determined
by the same condition that the present value of the hatched areas above and below it
be equal. And since foreign borrowing becomes 2ero as a result of imposing the
financial embargo, Interest payment becomes zero in the long run %6 And since the
Euler equation57 is derived from Luouseholds’ preferences without imposing their
lifetime budget constraint®, thus, households’ preferences are unchanged by
definition. In addition, Euler equation is equal zero in this model since the rate of time

preference is equal the foreign interest rate®”.

. 3.2.4.1. The effect of a fully anticipated permanent tasal interruption of foreign
- borrowings:

The economy is in the stable path. There exists perfect capital mobility. Per capita
capital stock and per capita foreign debt are constant. Lenders announce at time 0 that
they will impose a permanent financial embargo on the target debtor country staring
at time T, T > 0. More exactly, the foreign borrowing to debtor will be fully stopped

at time T. Thus, the embargo does not 1ake place until time T.

A Just the announcement will affect the future expected marginal product since
investors become pessimists, from the equation that is the shadow price of capital g, is
equal to the present discounted value of future marginal product, the lower t,he future
expected marginal products, the lower are ¢, and the rate of investment. The shadow
price g, decreases 10 the point B, which lies above the new saddle path ss’, the rate of
investment becomes negative. Per capita capital stock decumulates gradually since an
installation cost for investment does exist. At time T, a financial embargo does take
place with no information being received since the embargo is announced before at
time 0 and no further jump, the stab}~ path relevant for subsequent in ¢, and k, beyond
time T is the path ss’, which passes through the point k = kc since the embaréo is

permanent. The expectation is going up® along the new saddle path cE’ in figure (3-

56 per capita foreign debt vanishes in the long run.
57
¢./c = 0 in this mode! because p = I
%% Note that the financial embargo affected the life lime budget constraint.
% 1n addition, qt does not depend on the characteristics of the utility function.
6 gince the marginal product in"capital increases and the adjustment cost decreases.



6) and g, is rising until it reaches 1 when the rate of investment reaches zero in the

new steady state with lower stock of per capita capital,

q:

4
/

g*=!

$idhisdsl - O

®

dg/di = gy

g

="

0 k* ke

b
.

ke

Figure (3-6): The effect of a fully anticipated permanent financial embargo shock on Dynamics of
investment and capital.

23.2.4.3.The effect of unanticipated to1a} interruption of foreign borrowings

At the beginning, the €conomy is in the stable path. There exists perfect

capital mobility. Per capita capital stock and per capita foreign debt are

constant. Then, suddenly, lenders impose a financial embargo that is expected 1o be
temporary. More exactly, the foreign borrowing will be zero for a determined period
of lim.e and then 1argeting lenders wil] lift the embargo in the end of this period.

Agents understand at time 0 that the change is only for the duration of the period (0,T)
5o that at time 7 > 0, when lendu., end the embargo, this action has been fully
anticipated and there is no surprise. Then the analysis will include two types of
financial shock: first, a sudden financial embargo at time 0 for the duration of the

period (0.7). Second, a fully anticipated lifiing the embargo at time T,



As soon as the interruption of the foreign borrowing oCeurs, (dg/di = 0) locus shifts 10
the left since the shadow price of capital g;is a function of the'rate of investment. The
stable path SS will shift down 100 instantaneously and temporarily 10 §S’. The shadow
price g, decreases to the point B, which lies above SS” The rate of investment
becomes negative. Per capita capital stock decumulates and that g, begins 10 increase.
The process follows the path BC in figure (3-7). Al time T, when the financial
embargo is lified, with no information being received since the time of lifting the
embargo 1S announced before and no further jump will happen. The stable path
relevant for subsequent adjustments 10 g and k, beyond time T is the path ss, the
original stable path. After time T, th - 7,and ki follow the stable path CE in figure (3-
7) 1o the original steady state equilibrium at E. AtE, the shadow value g, revertsto /,

but with the same stock of per capita capital.

Thus, the temporary fully interruption of foreign borrowing will not affect the per

capita capital in the long run.

g*=! : — di/dr) = 0

0 k** kT k* kt

Figure (3-7): The effect of a sudden temporary financial embargo shock on Dynamics of investment
and capital.

3.2.5. Conclusion

If the financial embargo is permanent whether it 18 unanticipated or fully anticipated,
per capita capital stock will setile wown at Jower level in the long run. Per capita
output f(k) will seutle down at lower level in the long run 100 However, if the
financial embargo is temporary, per capita capital stock and then per capita output

will not be affected in the long run. If financial embargo is permanent, investment will
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equal saving in the long run; the same equilibrium of closed economy; since the
adjustment cost will totally vanish when shadow price of capital reach 1. On the other
hand. household’s preferences are unchanged since the Fuler equation is derived from
households’ preferences without imposing their lifetime budget constraint. This result

does hold whether financial embargo._is permanent or temporary.

Discussion:

Barro - Martin and Carlberg have analyzed the effect of imposing a constraint on
foreign borrowing 1o debtor that is foreign borrowing of a country must not exceed a
critical level, expressed in terms of its physical capital stock as a collateral on the
simple open economy version of Ramsey model. They found that the constraint on
foreign borrowing does not influence the economic growth in the long run. However
it does influence the short run growth. In addition they found that the effect of this
kind of partial financial embargo will have a permanent effect of ber capita capital
stock in the target country but the econemy will not reach to a steady state j)er capita
capital stock of the closed economy in the long run. However, the open economy will
have the same feature as in the closed economy but in an open economy frame. (Barro
and Martin, 1995, p.g. 105)53. However my analysis considers the effect of the total
financial embargo that is the total interruption of foreign borrowing 10 the target
debtor. I analyzed the effect of both permanent and temporary financial embargo
whether they are unanticipated or fully anticipated. My result satisfies the result of the
analysis of Barro-Martin und Carlberg in the effect on per capita capital stock in the
long run if financial embargo shock is permanent, financial embargo will h&ye a
permanent effect on the per capita capital stock x;n the target country. However, the

permanent financial embargo will lead to a closed economy in the long run but this

B Spe aler Carlberg, 1997, p.p. 137.
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result will not hold if the total financial embargo is temporary. In addition, whether
the total ﬁnancia} :is permanent or lemporary, anticipated or unanticipated, the
economy will not have the same l:ature as in the closed economy since Euler
equalion is zero in the open economy as a result of the special feature of the simple
open economy version of Ramsey model that is the rate of time preference must equal
the foreign interest rate in order 1o find a stable saddle path and consumption is
constant as a result. However, in the closed economy, Euler equation is higher than
zero and consumption is not constant. In the analysis of Barro-Martin and Carlberg,
imposing a constraint on foreign borrowing to debtor country will break the
relationship between the rate of time preference and foreign interest rate since capital
will not be perfectly mobile and we can find a stable saddle path even if the rate of
time preference is deviated from the foreign interest rate. I explain this point in detail
in K}Eégggr_lgix. In addition, Barro-Martin and Carlberg have analyzed the effect of
imposing a constraint on foreign borrowing to the target country without imposing an
installation cost for investment. However, in my analysis, 1 illustrated that in order to
analyze the effect of the total interruption of the foreign borrowing in an open
economy version of Ramsey model with perfect capital mobility we must impose an
installation cost for investment in the analysis since without imposing the installation
cost the economy will jump dir_eclly to the steady state where the shadow price of per
capita capital stock will equai one and investment becomes zero as a result. In

addition the Euler equation is zero according 10 the assumption of the stability in the

model.
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Does the economic sanction of (1986-1991) affect the
long run economic growth rate of South Africa?

An Intervention Analysis
By
Ghada Gomaa Abd E} Atty Mohamed *

Abstract. The paper presents a linear intervention analysis to examinc
the effect of the economic sanctions of 1986-199] as an exogenous
dummy variable on the time path of the economic growth rate of South
Africa. The analysis concludes that the sanctions of 1986-199] have no

effect on the long run economic growth rate of South Africa.

Keywords. Economic sanctions; Economic growth; Time series

1. Introduction

South Africa had a long history with sanctions as a result of the
Apartheid against African natives and Asian minorities. Sanctions were
first imposed in 1944 by India as a result of the Apartheid against Indian
minorities. In 1959, the International Confederation Free Trade Union
imposed other sanctions against South Africa, also because of Apartheid.
Subsequently, sanctions against South Africa continued increasing in
some years and vanishing in other years.'Comprehensive international
economic sanctions were imposed against South Africa in mid-1985 and

were officially lifted in 1990, with the end of the apartheid in South

Africa. However, jt took effect in 1986 and was lifted in 1991.






The paper presents a linear intervention analysis to examine the
effect of this comprehensive sanctions as an exogenous dummy variable

on the time path of the economic growth rate of South Africa.

The remainder of the paper is structured as follow. Section 2
presents the data of the economic growth rate of South Africa. Section 3.

presents the empirical study. Section 4 presents the conclusion.
2 - Data

Consistent data for the GDP of South Africa during the period
1971-2000 is obtained from the International Financial Statistics
Yearbook (2001). The measure of the economic growth rate that I use is
the difference between the logarithm of the real GDP of South Africa
over time. The nominal GDP of Sough Africa is adjusted by the GDP
deflator. Figure | illustrates the behavior of the economic growth rate of

Sough Africa GRW over time.

Figure 1: The behavior of the real economic growth rate of South

Africa during the period of the analysis.

There is a big spike in the data in 1985, before the embargo was
imposed on South Africa. The source of this spike is the GDP deflator,
which as shown in figure 2 exhibits a relatively huge deflation in that

year:
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Figure 2: The behaviour of the change rate of GDP deflator of South
Africa.

The big spike of 1985 obscures the effect (if any) of the sanctions
of (1986-1991).

3. The Empirical Study

My empirical study consists of two steps:’

First, 1 test for unit roots in the data of the real economic growth rate of
South Africa during the period of analysis. Once 1 find that the data are
stationary, ] then can proceed to the second step, which is to use linear
intervention analysis to examine the effect of the sanctions against South
Africa on the real economic growth rate of South Africa GRW. The

general form of the model estimated for GRW is,

Yi=ag+ ALY, + cuZ, + B(L) &, 4p)

Where.Z, is the dummy variable that presents the sanctions of 1986-1991;
SANC, '

1 19865151991
SANC, =
0 Otherwise

Second, I add to the model a pulse dummy variable to control for

the spike of 1985. The modified model for the variables is

* Version 4.1 of E-VIFWS is used.



Y.=a,+ AL)Y  +c.emb,+c.s5pike,, + 80 @, (2)

Otherwise

Spike(lWS) - {:) o

3.1. The stationarity of the data:

The existence of an outlier in the data for a variable may affect
the result of a unit root test, but the limited numbefs of observations
available prevents me form splitting the data set in two parts in order to
test for a unit root before and after the outlier. Accordingly, I apply “the
modified Phillips-Perron (1988) unit root statistics to the data without
searching for or removing outliers” as has been suggested by Vogelsang
(1997), p.p. 237 in the cases of the existence of an additive outlier as it
appears in the variables in question. A unit root test is a test of whether
the hypothesis of a variable has a unit root. Applying Ng-Perron test with
modified AIC,] found GRW is stationary at all critical values and then
GRW has no unit root. 1 can then proceed confidently to the second step

of my analysis.
3.2. Intervention analysis:

Table 1 illustrates the result of the best-fit intervention model
with and without the outlier of 1985. The intervention model is estimated
using Non-Linear Least Squares (NLS). The following criteria were used

to identify the best-fit intervention model:

1. Has lowest Akaike info criterion (AIC) and Schwarz criterion
(SC). (Lloyd, 1993, 451).
2. Has highest adj R. (Lloyd, 1993, 451).



3- Satisfies the following diagnostic checks (Enders, 1993,
274-275s):

i “All coefficients should be statistically significant a1

conventional levels and the autoregressive coefficients
should imply that the {y,} sequence is convergent.”
«.  “The residuals should approximate white noise.”

Table 1 Best- fit intervention model for GRW#(1976-2000) with and
without the spike of 1985 3

GRW, GRWi
C 0.8111 0.003845
(0.936320) (0.409949)
(0.3598) (0.6860)
2mb, -0.051670 -0.031476
(-0.655449) (-1.42009)
(0.5193) (0.1703)
Spike ;955 0.792923
(19.36413)
(0.0000)
GRW,, -0.819477
(-6.917155)
(0.0000)
£ 0.989949
(2546.126)
(0.0000)
&5 -0.911874
(-25.0713)
(0.0000)
AlC* -3.596022 -6.420336
e - -3.401002 -6.222859
- -0.004261 0.953026
AdjR 25 25
No. of obs. "5 17

5 We started our models from 1976 in order 1o examine all the possible models with consistent sumple




No. of iter.
’ |

* Residuals approximate white noise at lags from 1 to 12 in Q-statistic for
all models.

It is obvious from table ] that the effect of the sanctions on the time path
of the economic growth rate of South Africa became relatively more
significant after I controlled for the spike of 1985, however, it is still
insignificant. The best-fit intervention model after controlling for the
outlier of 1985 exhibits convergence since the summation of the
coefficients of €s converges 1o zero. The table concludes that the embargo
of 1986-1991 has no significant effect on the economic growth rate of
South Africa Long run economic growth rate of South Africa is not
affected at all by the sanctions since any effect on the ecoxuoﬁ1ic groﬁh
rate vanishes with the end of the sanctions. Figure 3 illustrates the

forecast of the best-fit intervention model for GRW

os
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Figure 3: The forecast of the best-fit intervention analysis for GRH with

the spike of 1985.
Figure 3 concludes that the sanctions affected the intercept of the

best-fit intervention equation. The intercept parameter is returned back to

its initial level afier the end of the sanctions.

* Akaike info criterion
* Schwarz criterion



Conclusion

By using a linear intervention analysis to examine the effect of the
economic sanctions of 1986-1991 as exogenous dummy variable on the
time path of the economic growth rate of South AfricaJ,'THé analysis
concludes that the sanctions of 1986-1991 have no effect on the long run
economic growth rate of South Africa since any effect of the sanction on

the economic growth rate vanishes afier the end of the sanctions directly.
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