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A bit of a review

 What have we covered so far:

 A broad brush picture of what some key 
variables in the macro economy look like.

 A discussion of what lies behind the concepts 
in the national accounts and what they 
mean.

 How to convert these measures in something 
we call “real”. This is important.

 Measures of inflation and real interest rates –
also important.
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Where are we headed to 
now?

 The first two chapters have been an 
introduction.

 We now turn from Description and 
Measurement to Analysis

 In this lecture we will discuss:

 Production Functions

 Demand for Labour

 Introduce Labour Supply
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Macroeconomic Analysis
 Goal: Build a Macroeconomic model, that is a 

general framework to study economic questions 
already raised from an aggregate perspective.

 Chap. 3 Labour Market;

 Chap. 4 Goods Market;

 Chap. 7 Asset Market.

 Then we will put it all together in Chap. 9 IS-LM 
Framework – we want to see how they interact as 
this will tell us how the macro-economy works.

 We will be assuming that the economy is at full 
employment – but we will be touching on 
unemployment as well.
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The Production Function

 How do we describe production in the 
economy?

 Factors of production are inputs to the 
production process. We will be 
concerned with:

 capital (factories, machines) and labour
(workers);

 and how effectively they are used – e.g., 
productivity.
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The Production Function 
(continued)

 Here we are going to measure the 
physical capacity of the economy 
to produce goods and services.

 A production function is a 
mathematical expression relating 
the amount of output produced to 
quantities of capital and labour 
utilized.
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The Production Function 
(continued)

In its general form, it looks like this:

Y is real output produced 

A is a number measuring overall productivity

K is the quantity of capital used (capital stock)

N is the number of workers employed

F is a function relating Y to K and N; it tells us 
how changes in K and N change Y, for a given 
value of A



YAF(K,N)



The production function 
(continued)

 This is perhaps the most well-known and 
well-used (Cobb-Douglas).

 The exponents (α and β) represent shares in 

income – in fact knowing income shares 
allows us to estimate these parameters.

 Because their values are less than unity, we 
get diminishing returns to factors.

 The “A” represents total factor productivity.
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ααβα NAKNAKAF(K,N)Y  1



The production function 
(continued)

 In the real world, there are returns to
scale (RS): Increasing (IRS),
decreasing (DRS), constant (CRS).

 We will focus on CRS, i.e. β = 1 - α,
with 0 < α < 1.

 With CRS we say that the function is
homogeneous of degree one. This
means that if we double all inputs (K
and N) we double the output.
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The production function 
(continued)

 A formal demonstration of constant returns to 
scale. Given a Cobb-Douglas production 
function multiply each input by λ, a scaler. 

Y = A(λK)α(λN)1-α

 The scaler is just a number which scales up or 
down the input. We can factor out this scaler:

Y = λA(K)α(N)1-α (since α and 1-α sum to one)

 Thus output rises by the same amount as the 
increase in inputs.
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The Production Function 
(continued)

 Total factor productivity (productivity) is 
a measure of overall effectiveness with 
which capital and labour are used.

 An improvement in production technology or 
just using existing factors more efficiently, 
allows capital and labour to be utilized more 
effectively.

 We measure this using the production 
function as a residual; it is what we can’t 
explain that well.
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The Production Function 
(continued)

 Properties of production functions 
when one factor is changed holding 
the others constant:

 they slope upward from left to right;

 the slope becomes flatter from left to 
right (fig 3.1).
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The Marginal Product of 
Capital

 The marginal product of capital (MPK)
is the increase in output produced 
resulting from a one-unit increase in 
the capital stock (other factors held 
constant).

 It can be considered as a demand 
function since it measures the benefits 
of an additional unit of capital.
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The Marginal Product of 
Capital (continued)

 The MPK equals the slope of the line 
tangent to the production function 
at a given point.

 It is the return or reward to capital.

ΔK

ΔY
MPK 
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The Marginal Product of 
Capital (continued)

 For those taking calculus, it is the first 
derivative of Y with respect to (wrt) to K.

MPK = ΔY⁄ΔK = dY/dK = αAK(α–1)N(1–α) > 0

 The properties of the production function:

 the MPK is positive; 

 the MPK declines as the capital stock increases, 
holding the other factors constant.

 Diminishing marginal productivity is the 
tendency for the marginal product of capital to 
decline as the amount of capital increases.
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The Marginal Product of 
Labour

 The marginal product of labour (MPN) is the 
increase in output produced by each additional unit 
of labour (other factors held constant). The concept 
is the same as MPK.

 The marginal productivity of labour is diminishing 
for similar reasons as with capital.

 It is also a first derivative, this time of Y wrt N.

MPN = ΔY⁄ΔN = dY/dN = (1-α)AKαN(-α) > 0

 The properties of the MPN are the same as those of 

the MPK.
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The Production Function
Supply Shocks

 A supply shock (productivity shock) is a 
change in an economy’s production 
function.

 It usually is represented as a change in 
“A”.

 A positive (beneficial) shock (new 
technology, innovation) raises the 
amount of output which can be 
produced with each capital-labour 
combination.
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The Production Function
Supply Shocks (continued)

 A negative (adverse) shock (drought, 
oil price hike) lowers the amount of 
output which can be produced with 
each capital-labour combination.

 Positive shocks shift the production 
function upward.

 Negative shocks shift the production 
function downward.

 Sometimes we don’t really understand 
the source of the shock.
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What determines the demand 
for inputs?

 The two most important inputs are 
capital and labour.

 The capital stock is slow to change 
because it is built up over years 
and is long lived.

 We will treat the capital stock as 
fixed for now and this allows us to 
focus on labour. 
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The Demand for Labour

 Assuming that the capital stock is 
fixed, let’s also assume the amount 
of labour is variable in the short run.

 Firms may employ and lay off 
workers without much notice.

 These assumptions may not seem 
reasonable – real world – but we can 
test them later.
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The Demand for Labour 
(continued)

 Also let’s assume (heroically) that:

 Workers are all alike.

 The wage is determined in a competitive 
market.

 A firm employs workers to earn the 
highest possible level of profit (up to MPN 
equals wage, in real terms – the real wage 
is the cost of using labour).
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The MPN and the Labour 
Demand

 The MPN measures the benefit of employing 
an additional worker in terms of the extra 
output produced – remember the figure on 
the production function.

 This is the demand curve for labour.

 It is a first derivative of the production wrt
to N.

 The demand for labour is embedded in the 
production function.
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The MPN and the Labour 
Demand (continued)

 The marginal revenue product of 
labour (MRPN) measures the 
benefit to the firm of employing an 
additional worker in terms of the 
extra revenue produced.

MRPN = P×MPN

 P is the price of output.
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The MPN and the Labour 
Demand (continued)

 To an employer the benefit is MRPN and the 
cost is the nominal wage (W).

 In real terms the benefit is MPN and the cost 
is the real wage (w) - the nominal wage (W) 
divided by the price of output (P).

 The w line is horizontal, the wage is constant 
in a competitive labour market.

 The profit-maximizing amount of labour 
input is the point where the MPN curve and 
w line intersect, MPN=w.
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The Labour Demand Curve 
Shifters

 Economists are always interested in 
the differences between movements 
along a curve and shifts in a curve.

 Changes in the real wage are 
represented as movements along the 
labour demand curve. 

 If the real wage falls (rises) the the 
amount demanded will rise (fall).

 This will be a movement along the 
curve.
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The Labour Demand Curve 
Shifters (continued)

 A positive supply (productivity) shock 
increases the MPN and increases the 
quantity of labour demanded at each 
real wage level.

 Higher capital stock increases the MPN
and increases the quantity of labour 
demanded at each real wage level.

 All of this is represented by a shift in 
the labour demand curve.
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Aggregate Labour Demand

 Aggregate labour demand is the 
sum of the labour demands of all 
the firms in the economy.

 The aggregate labour demand 
curve looks the same and 
behaves the same as a labour 
demand curve for an individual 
firm.
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The Supply of Labour
 Demand is determined by firms but 

supply by individuals.

 Aggregate supply of labour is the sum 
of labour supplied by everyone in the 
economy.

 Each person must decide how much 
time to work for income (the principal 
benefit) versus how much time to 
allocate for leisure (off-work activities, 
the cost of working).
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The Supply of Labour 
(continued)

 When talking about individuals making 
choices the concept of utility is helpful.

 The utility (happiness) from income for 
one more hour at work is compared to 
the cost (lost utility) of one less hour 
of leisure – there is a trade-off. 

 Utility is maximized when these values 
are the same.
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Real Wages and Labour 
Supply

 The real wage is real income received 
in exchange for giving up leisure.

 There are two effects at work here.

 The substitution effect of a higher real 
wage is the tendency of workers to 
supply more labour and reduce leisure 
hours in response to a higher real 
wage.
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Real Wages and Labour 
Supply (continued)

 The income effect of a higher real wage is 
the tendency of workers to supply less 
labour and increase leisure hours as they 
enjoy higher incomes.

 The two effects work in opposite 
directions.

 The substitution effect of a higher real wage 
leads to an increase in the quantity of labour 
supplied.

 The income effect leads to a decrease in the 
quantity of labour supplied.
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Real Wages and Labour 
Supply (continued)

 We can imagine a pure substitution and a 
pure income effect.

 Pure substitution effect:

 A temporary increase in the wage rate (which 
doesn’t affect wealth) like an overtime bonus.

 A pure income effect:

 A one time increase in wealth (which raises long-
term income).

 An important point:

 The longer an increase in the real wage is 
expected to last, the larger is the income effect.



Real Wages and Labour 
Supply (continued)

 Because of conflicting effects there is 
some ambiguity about how labour supply 
will respond to a real wage change – it 
becomes an empirical question.

 The empirical evidence suggests that:

 when wage increases are perceived as 
temporary, the substitution effect dominates; 
but

 when permanent, the income effect 
dominates.
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The Labour Supply Curve

 The labour supply curve is the curve which 
relates the amount of labour supplied to the 
current real wage (other factors held constant, 
including the real wage expected in the future).

 The labour supply curve is upward sloping. An 
increase in the current real wage leads to an 
increase in labour supplied.

 With the exception of the real wage, any factor 
which changes the amount of labour supply will 
shift the labour supply curve. 
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Aggregate Labour Supply

 Aggregate labour supply is the 
total amount of labour supplied in 
the economy.

 More things are going on at the 
aggregate level than at the level of 
the individual.



Copyright © 2009 Pearson Education Canada 3-44

Aggregate Labour Supply 
(continued)

 Moving along the curve.

 An increase in the current economy-wide 
real wage raises the aggregate quantity of 
labour supplied:

 people already working supply more hours 
(more overtime, second job);

 some people are induced to join the labour 
force (reservation wage).

 We conclude that the aggregate labour 
supply curve slopes upward.



Aggregate Labour Supply 
(continued)

 Shifts in the curve:

 An increase in wealth or future income will shift the 
curve leftward.

 An increase in the working age population or a 
change in the participation rate will shift the curve 
rightward.

• The rise in the participation of women is an interesting 
example – social attitudes changed – as is the elimination 
of mandatory retirement.

 The recent reductions in wealth (due to the 
recession) will cause people to postpone retirement 
or re-enter the workplace. 
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What do the Data Show on 
Hours Worked

 Over time, as Canada has become 
wealthier (a permanent rise in real 
wages), hours worked and the length of 
time in work (both measures of labour 
supply) have declined.

 This pattern shows up in cross section 
analysis where individual country 
experiences are compared at a point in 
time.
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Factors that Shift the Aggregate 
Labour Supply Curve – A Summary 

All else equal 
an increase in

Causes the 
Labour Supply 
Curve to Shift Reason

Wealth Left Increases in wealth increase the 
amount of leisure workers can afford

Expected 
future real 
wage

Left Increases in expected future real wage 
increases amount of leisure workers 
can afford.

Working age 
population

Right Increased number of potential workers 
increases amount of labour supplied.

Participation 
rate

Right Increased number of people wanting to 
work increases amount of labour 
supplied.
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