Economic Growth and Development Prof. Murphy

EC 375

Problem Set 4 Answers

Chapter 9 # 1,4 (on pages 271-272).

1.

4.

The annual growth rate of productivity is given by the following equation:

A=§g+1L.

We are given a value of 118r / and 0 for®), leaving the growth rate of the populatiﬁm,
as the only unknown. To solve fbrwe use the standard growth equation with the initial
population as 4 million and ¢hfinal population after 10,000 years as 170 million. The
equation is:

4(1+ L)oo =170

L=(170/4)M0%0 1
=0.000375.

Now we substitute to find our growth rate of productivity over this period:

A=0+(1/3)(0.000375)=0.000125.

That is, the growth rate of productivity overdheriod was roughly 0.0125 percent per year.

a.

In any given year, the production of bread must equal the production of cheese in this
economy. That isY, =Y, always. Knowing that the productivity of each good is equal
at this pant in time, we can solve for the quantity of labor devoted to each sector as
follows.

Y,=Y,,
AbLb = ACLC’
L=L,.
SinceL,+L. =L,
L,=L,=L/2.

The labor force will be equally split between the two sectors.

To calculae the growth rate of total output, we first calculate the growth rates of each
sector by taking the natural log of both sides and differentiating with respect to time. For
the bread sector:



In(Y,)=In(A,)+In(L,),
d d
—In,)=—In(4,)+In(L,),
" ¥,) 0 (4,)+In(L,)
R=8+8,
Similarly, for the cheese sector, @get,
Y.=A+L,.

We know the value for the growth rate of productivity in both sectors. Furthermore, in our
answelto Part (a), we found that labor is currently equally divided among the two
sectors. Thus, the growth of labor in one sentast be offset by the growth of labor in

the otherL, =(—L_). We substitute in these values and get,

And,
Y, =1%+L, =1%—L,.

Setting the growth rate of output in the bread sector to the growtbfratgput in the
cheese sector, we find th&t =-0.5% and L, =0.5%. So,Y, =Y. =Y =1.5%.

c. The figure below depicts the growth rate of output over time. From Part (b), we know
that thegrowth rate of outpus equal to 1.5 percent. But, productivity in the bread sector
rises by a greatgrercent than in the cheese sector. Bread production would rise faster
than cheese production and because one piece of bread is consumed with one piece of
cheese, labor resmes are continually shifted into the cheese sector. Over time, nearly
the whole of the economyOs resources will be shifted to the cheese sector with a minimal
amount devoted to the high productivity bread sector. Therefore, growth will be limited
by the gowth and productivity of the cheese sector. As the figure shows, the economyOs
growth rate nears 1 percent, the growth rate of productivity in the cheese sector.
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Chapter 10 # 1, 3,7 (on pages 303-304).

1. Denoting each country by the appropriatbsript, we are given that,



A T
X =2and X*=4.
A, T,

Since, productivity is defined &5! E, we can divide the productivity level of Couniyby
the productivity level of Countr¥ to obtain the ratio of efficiencyiboth countries.

A BT
AZ EZ TZ
2=&! 4,

z

Therefore,E—X: E.The level of efficiency in Countr¥ is half the level of efficiency in
z

CountryZ.

Assuming thatElndia/EUnited States = 1’ Alndia/AUnited States = 035’ and that the grOWth rate Of
productivityis 0.66%, we write the functional productivity equation of each country in ratio
form and substitute in the necessary values to obtain:

A — E, % T,
Avs. Bus Tus

.
035 =1x—==1x(1+9)"® = (1.0066) .

usS.

’

Hence, we have an equation that we can solve for to find the magnitude of the technology
gap in years between India and the United States. Taking the log of both sides and
rearranging to solve yields,

0.35 = (1.0066)-%
In(0.35)=(—=G) In (1.0066),
G= M =159.59.
In(1.0066)

The level of technology in India is, thus, approximately 160 years behind that of the United
States.

The margnal product of Sector 1 is found by differentiating the production function of
Sector 1. That s,

1

dLz 1 3

dY, 1=
Marginal Product S-L =271 — —p #2a_yy )
J dL, dL, 2 05

The average product of Sector 2 is found by dividing total output of Sector 2 by the amount
of workers. Sinply,



1

Y. 1
Average Product =+ =—= Lz( 2) = wage,.
L L
2 2

In equilibrium, the wage of both sectors must be equal, as workers are free to move between
sectors. Therefore, we setige, = wage, to solve for the number of workers in each sector.

1 1
wage, = Lz( 2) = ELI( 2) = wage,.
L,=4L,.
The number of workers in Sector 2 will be 4 times greater than the number of workers in

Sector 1.

The figure below depicts, graphically, the scenario above with the assumptigr-that As
predictedthe intersection of wageurves intersect where two workers are employed in
Sector 1, where marginptoducts are paid, and four times that number of workers (eight
workers) are employed in Sector 2, where average products are paid.
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Chapter 11 # 1,3, 5 (on pages 335-336).

1. Wages of a U.S. citizen, earned in France, will be counted towards U.S. GNP but not in U.S.
GDP. However, the wages will be counted towards France GDP and not in France GNP.

3. Inthe closed economy Solow model, an increase in the growth rate ofpthlagoan will
reduce the steaelstate level of income per capita by reducing the ststake level of
capital per capita. To see this, recall that the accumulation of capital is positively related to
the level of savings and negatively related to the gnaate of the population and
depreciation. As a result, population growth will lower the income per capita of the country.

In an open economy, the change in the growth rate of the population does not affect the
world rate of returry; , nor the steadgtate level of capital within the country. The steady
state level of capital is given as,

1

A o
kss :((X_J -
Ty



Accordingly, the growth rate of the populatiandoes not enter into the determination of
the steady state, $bere will be no change to GDP. GNP, however, will decline. To see
this, note that international investment will flow into the country following the rise in
population growth in order to keep the domestic interest rate (marginal product of capital)
equdto the world ratey, . Foreigners therefore will earn a return on the part of the capital
stock that they own, so GNP will fall.

In a closed economy where one slice of cheese is consumed with one slice of bread, we can
write a production function for each sector as

Y.=L.and Y, =(1/2)L,,

whereY, andY,is the production of bread and cheese, respectively JyéhdL  as the
number of labor hours devoted to each sector. In equilibtymvill equal Y,. Therefore,

Y. =Y,
L =(1/2)L,.

We know that the total number of labor hours+ L, available is 60. Combining this fact
with the previous equation, we find that,

L, +L, =(1/2)L, +L, =(3/2)L, =60,
L, =40,

and,
L.+L, =L, +40=060,
L. =20.

As for output in each sector,

Y. =L =20-and Y, =(1/2)L, =(1/2)(40)=20.

Therefore, the allocation of labor hours towards the bread sector will be 40, resulting in an
output of 20 slices of bread, and the allocation of labor hours towards the cheese sector will
be 20, resulting in an output of 20 slices of cheese.

With the economy opened up to trade where the price of bread equals the price of cheese on
the worldmarket, the economy is strictly better off when they specialize in the good that they
have a comparativedvantage in and trade for the other. Because threoety can produce

two slices of cheese for every slice of bread produced, the economy can specialize in cheese
production. Sixty labor hours devoted to cheese production would lead to 60 slices of cheese
and a dormant bread sector. In turn, 30 of thoseskf cheese can be traded for 30 slices

of bread on the world market. The economy can

now consume 30 slices of cheese and 30 slices of bread, a consumption level strictly greater
than in the closed economy scenario. The total amount of labor hoursatdesrease, but

the allocation isL, =60 and L, =0.



