Assignment 17

Haopeng Shen'

November 7, 2024

“Due date: Nov 21st. Please scan your HW solution as PDF file, name it with “your name+ student ID+ HW1”, and send it
to Hongya’s email:livhongya@smail.nju.edu.cn.

The assignment will be graded based on a “0”, “1”, “2”, and ”3”. those who get “2” or above will be given full credit in the
final evaluation for the “assignment” part.

TBusiness School, Nanjing University



1. GOVERNMENT SPENDING IN THE SOLOW MODEL

Let us introduce government spending in the basic Solow model. Consider the basic model without

technological change and suppose the market clearing for the output goes as:
Yi=C+ L+ G

with G; denoting government spending at time ¢. Imagine that government spending is given by G; = ¢Y;.

(1). Discuss how the relationship between income and consumption should be changed. Is it

reasonable to assume that C; = sY;?

(2). Suppose that government spending partly comes out of private consumption, so that C; =
(s — Ao)Y;, where A € [0,1]. What is the effect of higher government spending (in the form of higher o)

on the equilibrium of the Solow model?

(3). Now suppose that a fraction ¢ of G; is invested in the capital stock, so that total investment at

time t is given by:
L=1-s—(1—A)o+¢o)Y;.

Show that if ¢ is sufficiently, the steady-state level of capital-labor ratio will increase as a result of higher
government spending (corresponding to higher o). Is this reasonable? How would you alternatively

introduce public investment in this model?

2. MODIFIED SOLOW MODEL

Consider a modified version of the continuous-time Solow growth model where the aggregate

production function is

F(K,L,Z) = LPK*Z1~%~F,



where Z is land, available in fixed inelastic supply. Assume that « + 8 < 1, capital depreciates at the rate

0, and there is an exogenous saving rate of s.

(1). First suppose that there is no population growth. Find the steady-state capital-labor ration in the

steady-state output level.

(2). Now suppose that there is population growth at the rate of #, that is L./ L = n. What happens to
the capital-labor ratio and output level as t — 00? What happens to returns to land and the wage rate as
t — o0?

(3).- Would you expect the population growth rate n or the saving rate s to change over time in this

economy? If so, how?

3. THE LUCAS ASSET-PRICING MODEL

The Lucas asset-pricing model. (Lucas, 1978.) Suppose the only assets in the economy are infinitely
lived trees. Output equals the fruit of the trees, which is exogenous and cannot be stored; thus C; = Y,
where Y; is the exogenously determined output per person and C; is consumption per person. Assume
that initially each consumer owns the same number of trees. Since all consumers are assumed to be the
same, this means that, in equilibrium, the behavior of the price of trees must be such that, each period,
the representative consumer does not want to either increase or decrease his or her holdings of trees. Let
P; denote the price of a tree in period t (assume that if the tree is sold, the sale occurs after the existing

owner receives that period’ s output). Finally, assume that the representative consumer maximizes

(1)Suppose the representative consumer reduces his or her consumption in period t by an infinitesimal
amount, uses the resulting saving to increase his or her holdings of trees, and then sells these additional
holdings in period t + 1. Find the condition that C; and expectations involving Y; 1, Piy1, and Cyyq
must satisfy for this change not to affect expected utility. Solve this condition for P; in terms of Y; and

expectations involving Y11, P41, and Cpyg.

2)Assume that limg_, e EM%S+S = 0. Given this assumption, iterate your answer to part (a) forward
(1+0) p y p



to solve for P;. (3&7~: M T A MIsH crys = Yeys Do

(3) Explain intuitively why an increase in expectations of future dividends does not affect the price of

the asset.
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1 Government Spending in the Solow Model

Consider the basic Solow model without technological change, where the market clearing for output

is given by:
}/t - Ct + It + Gt

Here, GG; denotes government spending at time ¢. Suppose that government spending is given by

Gt - O'}/t.

1.1 Relationship Between Income and Consumption

Discuss how the relationship between income and consumption should be changed.

Is it reasonable to assume that C; = sY;?
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1.2 Effect of Higher Government Spending on Equilibrium

Suppose that government spending partly comes out of private consumption, so that
Cy = (s — Ao)Y:, where A € [0,1]. What is the effect of higher government spending (in the
form of higher o) on the equilibrium of the Solow model?
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1.3 Effect of Public Investment on Steady-State Capital-Labor Ratio

Now suppose that a fraction ¢ of GG, is invested in the capital stock, so that total
investment at time t is given by:

L=1-5—(1=Xo+¢0)Y;

Show that if ¢ is sufficiently, the steady-state level of capital-labor ratio will increase as

a result of higher government spending (corresponding to higher o). Is this reasonable?

How would you alternatively introduce public investment in this model?
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2 Consider a Modified Solow Model

Consider a modified version of the continuous-time Solow growth model where the aggregate
production function is
F(K,L,Z)=LPK*Z'=*=F

where Z is land, available in fixed inelastic supply. Assume that o + 8 < 1, capital depreciates at the

rate J, and there is an exogenous saving rate of s.

2.1 First suppose that there is no population growth

First suppose that there is no population growth. Find the steady-state capital-labor
ratio and the steady-state output level.
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2.2 Now suppose that there is population growth

Now suppose that there is population growth at the rate of n, that is L/L =n. What
happens to the capital-labor ratio and output level as ¢t -+ c0? What happens to returns

to land and the wage rate as t — co?
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2.3 Would you expect the population growth rate or the saving rate to change
over time in this economy?

Would you expect the population growth rate n or the saving rate s to change over

time in this economy? If so, how?

Solve. fERIFHM A, NIIGKE n fHE, MEER s ZIMNELER, BTEDRIFAZL.
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3 The Lucas Asset-Pricing Model

The Lucas asset-pricing model. (Lucas, 1978.) Suppose the only assets in the economy are infinitely
lived trees. Output equals the fruit of the trees, which is exogenous and cannot be stored; thus C; = Y7,
where Y; is the exogenously determined output per person and C; is consumption per person. Assume
that initially each consumer owns the same number of trees. Since all consumers are assumed to be
the same, this means that, in equilibrium, the behavior of the price of trees must be such that, each
period, the representative consumer does not want to either increase or decrease his or her holdings of
trees. Let P; denote the price of a tree in period ¢ (assume that if the tree is sold, the sale occurs after
the existing owner receives that period’ s output). Finally, assume that the representative consumer

= InC,
B 2 Ty

t=0

maximizes

3.1 Condition for Equilibrium

Suppose the representative consumer reduces his or her consumption in period ¢
by an infinitesimal amount, uses the resulting saving to increase his or her holdings of
trees, and then sells these additional holdings in period ¢t + 1. Find the condition that C,
and expectations involving Y;,1, Piy1, and C;;; must satisfy for this change not to affect
expected utility. Solve this condition for P, in terms of Y; and expectations involving Y; .,
P1, and Cyy;.
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3.2 [Iterating Forward

% = 0. Given this assumption, iterate your answer to

part (a) forward to solve for P,.
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3.3 Intuitive Explanation

Explain intuitively why an increase in expectations of future dividends does not affect
the price of the asset.
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