EC 151 Homework IV
Population
Solutions

Due October 16th in class
1) Demographic Calculations: TFR, NRR
Suppose that in a country one-third of all females born die in infancy, one third die at age 30, and one-third live to age 60.Women bear one child at age 25, one child at age 28, one child at age 32, and one child at age 35. One-half of children are girls.

a. Compute the total fertility rate and the net rate of reproduction.

b. Suppose that mortality is reduced so that there is no infant mortality. Half of all women die at age 30 and half at age 60. Compute the net rate of reproduction.

c. Suppose now that age-specific fertility changes, so that women have (on average) one-half child at ages 25, 28, 32, and 35. Compute the total fertility rate and the net rate of reproduction.

Answer:  (a) The total fertility rate (TFR) is the number of children that a woman can expect to have during her child-bearing years conditional on the probability of living through those years and had the given age-specific fertility at each age.  In this country, the child-bearing years are 25-35. So the TFR will be 

TFR= (1 child)*(Probability of reaching age 25) + (1 child)*(Probability of reaching age 28)+(1 child)*(Probability of reaching age 32)+(1 child)*(Probability of reaching age 35)

Substituting in the given information, we get

TFR= (1)*(2/3) +(1)* (2/3) +(1)* (1/3) +(1)* (1/3) = 2

The net rate of reproduction (NRR) is fraction of kids that will be girls, which in this case is half.

NRR = (2)*(1/2)=1

(b) Now women will live with certainty till age 30. So the previous expression for TFR is

TFR = (1) +(1)+(1/2)+(1/2) = 3 

NRR= 1.5

(c) Now women have half as many kids at each age.  Keeping the same assumptions from part (b), the TFR and NRR would simply be half of what they were in the previous part: 

TFR= 1.5

NRR= .75

2) Population Dynamics
Textbook. Chapter 9. Problem 12. Evaluate validity of statements and provide support for your reasoning.
Answer: 

a. True: Age-specific death rates tend to be lower for younger people. So if a developing country has more younger people than a developed country, the overall death rate will be lower.

b. True: Refer to book

c. False: It depends on the age distribution of the population.  It is possible for the fertility rate in one country to be lower than in another country, and yet for the population growth rate in the former country to be higher because the former country may have a very low death rate as well.  Population growth is a combination of both forces.
d. True. Both because of macro-inertia (demographic momentum/echo effect) and micro-inertia (households take time to adjust)

e. True. Because now couples would revise their probabilities of having surviving children (it would go up) and thus they would have less kids to achieve their desired number. Refer to section on targeting and hoarding in book (we did not cover this in class).

3) Malthusian Model 
Consider the following Malthusian model. Suppose that the relationship between income per capita (y) and the growth rate of the population (L-hat) is given by the equation:



L-hat = y - 100.

Suppose that output is produced using labor and land, according to the equation:




Y = L1/2 X 1/2
where X is the quantity of land.   Assume that X = 1,000,000
a. Draw a graph with y on the horizontal axis and on the vertical axis, showing the relationship between income per capita and population growth L-hat. 

b. Derive the relationship between population, L, and income per capita, y. (Hint: Remember that y = Y/L .) Sketch this relationship on a graph with L on the vertical axis and y on the horizontal axis.

c. Use the equations you have derived to compute the steady-state values of L and y.

Answer: 8. (a)
We graph the equation, 
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, in the figure below.
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(b)
First, we divide both sides of the production function by L and rearrange to get:
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Therefore, 


[image: image4.wmf].

2

y

X

L

=


For X = 1,000,000 the figure is shown below.
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(c)
In the steady state, the growth rate of population is zero, 
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= 0.  Using this value and rearranging the first equation, we solve for the steady-state value of income per capita:  
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Substituting in this value into the production function, we back out the value of Lss as follows:
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The steady-state population is 100.

4) Solow Model with Population Growth

Suppose that there are two countries, X and Y, that differ in both their rates of investment and their population growth rates. In Country X, investment is 20% of GDP and the population grows at 0% per year. In Country Y, investment is 5% of GDP, and the population grows at 4% per year. The two countries have the same levels of productivity, A. In both countries, the rate of depreciation, d, is 5%. Use the Solow model to calculate the ratio of their steady-state levels of income per capita, assuming that α= 1/3
Answer: To calculate the steady-state level ratio of income per capita, we first find the steady-state level for each country and then divide.  The steady-state level ratio for Country X to Country Y is given by:
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We now substitute in the values 
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= 20%, nX = 0, and 
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= 5% for Country X, and for Country Y, we use the values 
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= 1/3 and    AX = AY.  This yields,
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Therefore, we conclude the ratio of Country X to Country Y in their steady-state levels of income per capita to be near 2.68.

5) Fertility and Gender Bias
Textbook. Chapter 9. Problem 11.  Please make sure to include concepts of income and substitution effects.
Answer:  As income rises and children are “normal” goods, then the income effect raises the demand for children which means that women stay out of the labor force in order to raise the children.  But as per capita income growth raises women’s incomes, the opportunity cost of children rises (that is, the time they spend raising children could be spent working and earning more money).  This creates a substitution effect away from children.  Both effects are going on at all levels of income but as a country gets richer, we go from substitution effect dominating income effect, to income dominating substitution and back to the substitution dominating income effect.
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