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Learning objectives. Read the production function and its slope (MPK,
MPN); derive labour demand from 𝑤 = 𝑀𝑃𝑁 ; split a wage change into
income and substitution effects; clear the classical labour market to get
𝑁̄ and ̄𝑌 ; measure unemployment and its flows; read Okun’s law.

3.1 The Production Function

𝑌 = 𝐴 𝐹(𝐾, 𝑁 ) (3.1)

Inputs: capital 𝐾 , labour 𝑁 . 𝐴: total factor productivity (TFP), the effec-
tiveness with which 𝐾 and 𝑁 are used. 𝐴 is never observed directly; it
is backed out as a residual, the Solow residual. (Solow, 1957; in 1987,
the year of his Nobel, he quipped that “you can see the computer age
everywhere but in the productivity statistics.”)
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$8774 billion output at B). This extra $1135 billion in output is the benefit from 
raising the capital stock from $2000 billion to $3000 billion, with productivity 
and employment held constant.

Now suppose that, starting at C, we add another $1000 billion of capital. This 
new addition of capital takes us to D, where the capital stock is $4000 billion. The 
difference in output between C and D is only $893 billion ($10,802 billion output at 
D minus $9909 billion output at C), which is less than the $1135 billion increase in 
output between B and C. Thus, although the second $1000 billion of extra capital 
raises total output, it does so by less than did the first $1000 billion of extra capital. 
This result illustrates that the production function rises less steeply between points 
C and D than between points B and C.

The Marginal Product of  Capital
The two properties of the production function are closely related to a concept known 
as the marginal product of capital. To understand this concept, we can start from 
some given capital stock, K , and increase the capital stock by some amount, ∆ K
(other factors held constant). This increase in capital would cause output, Y , to 
increase by some amount, ∆ Y. The marginal product of capital (MPK) is the 
increase in output produced that results from a one-unit increase in the capital stock.
Because ∆ K  additional units of capital permit the production of ∆ Y  additional 

FIGURE 3.1
The production 
function relating 
output and capital
This production function 
shows how much output 
the U.S. economy could 
produce for each level of 
U.S. capital stock, hold-
ing U.S. labor and pro-
ductivity at 2020 levels. 
Point A corresponds to 
the actual 2020 output 
and capital stock. The 
production function has 
diminishing marginal 
productivity of capital: 
Raising the capital stock 
by $1000 billion to move 
from point B to point C
raises output by $1135 
billion, but adding 
another $1000 billion in 
capital to go from point 
C  to point D increases 
output by only $893 
billion. 0
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Figure 3.1: Two properties. Upward
sloping (more input, more output) and
concave: the slope, = marginal product,
falls as the input rises. Hold𝐴 and𝐾 fixed
to draw 𝑌 against 𝑁 .

Two properties: the curve slopes up (more input, more output) and is
concave (its slope falls as the input grows). That falling slope is the
diminishing marginal product.

∗© 2026 Ravikiran Naik. These notes are prepared solely for students of ECON 202
(Macroeconomics-I) at FLAME University and are intended for personal educational use.
This document is not an official publication of, or endorsed by, any publisher. Please do not
redistribute, post publicly, or use it for any commercial purpose. Provided “as is,” without
warranty; verify all figures and worked results against the assigned texts before relying on
them.
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3.1.1 The Cobb–Douglas form

𝑌 = 𝐴𝐾𝛼𝑁 𝛽 (3.2)

The workhorse specification. 𝛼, 𝛽 are the output elasticities of capital
and labour: a 1% rise in 𝐾 lifts 𝑌 by 𝛼%; a 1% rise in 𝑁 lifts 𝑌 by 𝛽%.
(Douglas noticed labour’s income share sitting near two-thirds and in
1927 asked the mathematician Charles Cobb for a formula to fit it.)

Property What it says

Returns to scale Degree of homogeneity = sum of elasticities: scale
all inputs by 𝜆 and 𝑌 → 𝜆𝛼+𝛽𝑌 . So 𝛼 + 𝛽 ⋛ 1 gives
increasing / constant / decreasing returns.

Marginal products 𝑀𝑃𝐾 = 𝛼𝐴𝐾 𝛼−1𝑁 𝛽 , 𝑀𝑃𝑁 = 𝛽𝐴𝐾 𝛼𝑁 𝛽−1; both pos-
itive and diminishing when 0 < 𝛼, 𝛽 < 1.

Income-share duality Under competition (factors paid their marginal
product) labour’s share 𝑤𝑁/𝑌 = 𝛽 and capital’s
share 𝑟𝐾/𝑌 = 𝛼 : elasticities equal shares.

Elasticity of substitution Fixed at the knife-edge value 𝜎 = 1; factor shares
stay put as relative supplies move.

Essential factors No factor fully substitutes for another, so the do-
main is the strictly positive reals (𝐾, 𝑁 > 0).

Table 3.1: Cobb–Douglas: the minimal properties economists want, at a price. (Palgrave:
Cobb–Douglas)

Restrictive (that 𝜎 = 1 is a knife edge) and sometimes dismissed as a
toy, yet the Cobb–Douglas is a special case of richer forms: take the
CES [∑ 𝑎𝑖𝑥 𝑡𝑖 ]

1/𝑡 and let 𝑡 → 0 and it collapses to Cobb–Douglas; it also
nests inside the translog. That robustness is why it endures. (Palgrave:
Cobb–Douglas)

Example 3.1.1 (Constant returns and the two-thirds share) Take 𝑌 =
𝐴𝐾0.33𝑁 0.67, a good fit for the EU economy. Then 𝛼 + 𝛽 = 1: doubling 𝐾
and 𝑁 exactly doubles 𝑌 ,

𝐴(𝜆𝐾)0.33(𝜆𝑁 )0.67 = 𝜆0.33+0.67𝐴𝐾0.33𝑁 0.67 = 𝜆𝑌 .

Labour’s income share is 0.67 and capital’s is 0.33, matching the elasticities
exactly. This steady labour share has a name, Bowley’s Law; Keynes
called its stability “one of the most surprising, yet best-established, facts
in the whole range of economic statistics” (it has slipped somewhat in
recent decades). (class slides)

3.1.2 Returns to scale
Two traps. (i) Long vs short run: re-
turns to scale moves all inputs together;
the diminishing marginal product above
holds the other input fixed. (ii) Indepen-
dent: 𝛼 = 0.6, 𝛽 = 0.7 has increasing
returns (𝛼 + 𝛽 = 1.3) yet diminishing
𝑀𝑃𝐾,𝑀𝑃𝑁 (each exponent < 1).

Scale every input by the same factor 𝑚 > 1 (𝑚 = 2 doubles both 𝐾 and
𝑁 ) and compare the new output 𝑌 ′ = 𝐴𝐹(𝑚𝐾, 𝑚𝑁) with 𝑚 × 𝑌 : a rise
of more than 𝑚 is increasing returns, of exactly 𝑚 constant, of less
decreasing.

𝑌 = 𝐴𝐾 𝛼𝑁 𝛽 ⇒ 𝑌 ′ = 𝐴(𝑚𝐾)𝛼(𝑚𝑁)𝛽 = 𝑚𝛼+𝛽 𝑌
𝛼 + 𝛽 > 1 increasing 𝛼 + 𝛽 = 1 constant 𝛼 + 𝛽 < 1 decreasing

Why the exponent adds. Put 𝐾 →
𝑚𝐾, 𝑁 → 𝑚𝑁 in 𝑌 = 𝐴𝐾𝛼𝑁 𝛽 :

𝑌 ′ = 𝐴 (𝑚𝐾)𝛼 (𝑚𝑁)𝛽

= 𝑚𝛼𝑚𝛽 𝐴𝐾𝛼𝑁 𝛽

= 𝑚𝛼+𝛽 𝑌 ,

using (𝑚𝐾)𝛼 = 𝑚𝛼𝐾𝛼 and 𝑚𝛼𝑚𝛽 = 𝑚𝛼+𝛽 .
Inputs scale by 𝑚 = 𝑚1, output by 𝑚𝛼+𝛽 :
compare 𝛼 + 𝛽 with 1.

The exponent sum is the power output is raised to, so a single number
settles it; and because Cobb–Douglas is homogeneous of degree 𝛼 + 𝛽 the
verdict is global (the same at every output level). Put 𝑚 = 2 to size it up:
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output scales by 2𝛼+𝛽 , so 𝛼+𝛽 = 1 gives 21 = 2 (output doubles), 𝛼+𝛽 = 1.2
gives 21.2 ≈ 2.30 (a 130% rise — more than double), and 𝛼 + 𝛽 = 0.8 gives
20.8 ≈ 1.74 (only 74%). When 𝛼 + 𝛽 > 1 the advantage compounds —
each further doubling of both inputs multiplies output by more than two,
so a firm that keeps scaling pulls steadily ahead (the technical root of a
tendency to monopoly). The mirror holds when 𝛼 + 𝛽 < 1: the output
multiplier 𝑚𝛼+𝛽 now trails the input multiplier 𝑚 (20.8 < 2), so doubling
inputs less-than-doubles output and each further doubling slips a little
further behind. The single logic behind all three is a race of exponents
— the inputs carry the exponent 1 (you scaled them by 𝑚 = 𝑚1) while
output carries 𝛼 + 𝛽 , so output outpaces, matches, or trails the inputs
exactly as 𝛼 + 𝛽 sits above, at, or below 1. Constant returns is the natural
benchmark: you can always replicate the whole plant and get double the
output, so increasing returns need something unreplicable (specialisation,
indivisibilities) and decreasing returns usually mean a fixed factor was left
un-scaled. Under constant returns, paying each factor its marginal product
just exhausts output (Euler’s theorem), which is why the elasticities equal
income shares above. (class slides)

3.1.3 Slopes: MPK and MPN

CHAPTER 3  |  Productivity, Output, and Employment 101

line tangent to the production function at point B; when employment is 90 million 
workers, the MPN  is the slope of the line that touches the production function at 
point C. Because of the diminishing marginal productivity of labor, the slope of 
the production function relating output to labor is greater at B than at C, and the 
production function flattens from left to right.

Supply Shocks
The production function of an economy doesn’t usually remain fixed over time. 
Economists use the term supply shock—or, sometimes, productivity shock—to refer 
to a change in an economy’s production function.7 A positive, or beneficial, supply 

7The term shock is a slight misnomer. Not all changes in the production function are sharp or  
unpredictable, although many are.

FIGURE 3.3
The production 
function relating 
output and labor
This production function 
shows how much output 
the U.S. economy could 
produce at each level of 
employment (labor 
input), holding produc-
tivity and the capital 
stock constant at 2020 
levels. Point A corre-
sponds to actual 2020 
output and employment. 
The marginal product of 
labor ( )MPN  at any 
point is measured as the 
slope of the line tangent 
to the production func-
tion at that point. The 
MPN is lower at higher 
levels of employment, 
reflecting diminishing 
marginal productivity of 
labor.
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Figure 3.3: 𝑀𝑃𝑁 = Δ𝑌/Δ𝑁 is the slope
of 𝑌 against 𝑁 (and 𝑀𝑃𝐾 = Δ𝑌/Δ𝐾 the
slope against 𝐾 ); both fall as the input
rises.

The marginal product of an input is the slope of the production function
against that input, holding the other input and 𝐴 fixed. Both 𝑀𝑃𝐾 and
𝑀𝑃𝑁 are positive and both diminish (the curve flattens as the input
grows). 𝑀𝑃𝑁 is the one that will become labour demand.

3.1.4 Supply shocks
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shock raises the amount of output that can be produced for given quantities of 
capital and labor. A negative, or adverse, supply shock lowers the amount of out-
put that can be produced for each capital-labor combination.

Real-world examples of supply shocks include changes in the weather, such 
as a drought or an unusually cold winter; inventions or innovations in manage-
ment techniques that improve efficiency, such as computerized inventory control 
or statistical analysis in quality control; and changes in government regulations, 
such as antipollution laws, that affect the technologies or production methods 
used. Also included in the category of supply shocks are changes in the supplies 
of factors of production other than capital and labor that affect the amount that can
be produced. For example, following the pandemic recession of 2020, shortages
of key components (such as semiconductors) led to a shortfall in supplies of
automobiles.

Figure 3.4 shows the effects of an adverse supply shock on the production 
function relating output and labor. The negative supply shock shifts the produc-
tion function downward so that less output can be produced for specific quantities 
of labor and capital. In addition, the supply shock shown reduces the slope of the 
production function so that the output gains from adding a worker (the marginal 
product of labor) are lower at every level of employment.8 Conversely, a beneficial 
supply shock makes possible the production of more output with given quantities 
of capital and labor and thus shifts the production function upward.9

8Logically, an adverse supply shock need not always reduce the marginal products of labor and  
capital; for example, the production function could make a parallel downward shift. However, it is 
reasonable to think of an adverse supply shock reducing marginal products as being the normal case. 
A shift of the production function like that shown in Fig. 3.4 would occur if there were a decline in 
total factor productivity, A, for example.
9The effects of supply shocks on the production function relating output and capital would be similar.

FIGURE 3.4
An adverse supply 
shock that lowers  
the MPN
An adverse supply shock 
is a downward shift of 
the production function. 
For any level of labor, the 
amount of output that 
can be produced is now 
less than before. The 
adverse shock shown 
here reduces the slope of 
the production function 
at every level of 
employment.
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Figure 3.4: An adverse shock lowers out-
put and the slope at every 𝑁 : 𝑀𝑃𝑁 falls.

A supply (productivity) shock shifts the whole production function.
Positive (invention, good weather): 𝐴 up, curve up, slope up. Adverse (bad
weather, an oil-price spike, new regulation): 𝐴 down, curve down, slope
down. The flatter slope, a lower 𝑀𝑃𝑁 , is what will shift labour demand.
(“Stagflation” is exactly an adverse supply shock: output down, prices
up.)

3.2 The Demand for Labor
Setup: capital fixed (short run), workers alike, competitive market, firms
maximise profit. Hire one more worker while the benefit beats the cost.

Real rule: 𝑤 = 𝑀𝑃𝑁
Nominal rule: 𝑊 = 𝑀𝑅𝑃𝑁 = 𝑃 × 𝑀𝑃𝑁 (3.3)

Same rule, two units: divide the nominal rule by 𝑃 and 𝑊/𝑃 = 𝑀𝑃𝑁 , i.e.
𝑤 = 𝑀𝑃𝑁 . Keep units matched, money vs money (𝑊 vs 𝑀𝑅𝑃𝑁 ) or real
vs real (𝑤 vs 𝑀𝑃𝑁 ). If 𝑤 > 𝑀𝑃𝑁 the last worker is overpaid, cut 𝑁 ; if
𝑤 < 𝑀𝑃𝑁 , add 𝑁 ; profit is highest at 𝑤 = 𝑀𝑃𝑁 .
Example 3.2.1 (Clip Joint / RKn Widget: reading labour demand off
𝑀𝑃𝑁 ) Output rises with workers but by less each time (diminishing
𝑀𝑃𝑁 ). With price 𝑃 = $5 a widget, the value of the marginal worker is
𝑀𝑅𝑃𝑁 = 𝑃 × 𝑀𝑃𝑁 . Hire while 𝑀𝑅𝑃𝑁 ≥ 𝑊 .
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Workers 𝑁 Output 𝑀𝑃𝑁 𝑀𝑅𝑃𝑁 = 5𝑀𝑃𝑁

0 0 — —
1 8 8 $40
2 15 7 $35
3 21 6 $30
4 26 5 $25
5 30 4 $20
6 33 3 $15

At 𝑊 = $38 hire 1 (only worker 1 clears $38); at 𝑊 = $27 hire 3; at
𝑊 = $22 hire 4. Lower the wage, hire more: the 𝑀𝑅𝑃𝑁 schedule is the
(nominal) labour demand curve.

CHAPTER 3  |  Productivity, Output, and Employment 107

the MPN  curve; it relates the marginal product of labor, MPN , to the amount  
of labor employed by the firm, N. The MPN  curve slopes downward because of
the diminishing marginal productivity of labor. The horizontal line represents
the real wage firms face in the labor market, which the firms take as given.
Here, the real wage is w*.

For any real wage, w*, the amount of labor that yields the highest profit
(and therefore the amount of labor demanded) is determined at point A, the 
intersection of the real-wage line and the MPN curve. At A the quantity of labor
demanded is N*. Why is N* a firm’s profit-maximizing level of labor input? At 
employment levels less than N*, the marginal product of labor exceeds the real 
wage (the MPN  curve lies above the real-wage line); thus, if the firm’s employ-
ment is initially less than N*, it can increase its profit by expanding the amount
of labor it uses. Similarly, if the firm’s employment is initially greater than N*,
the marginal product of labor is less than the real wage MPN w*( )<  and the
firm can raise profits by reducing employment. Only when employment equals 
N* will the firm be satisfied with the number of workers it has. More generally, 
for any real wage, the profit-maximizing amount of labor input—labor 
demanded—corresponds to the point at which the MPN  curve and the real-
wage line intersect.

The graph of the relationship between the amount of labor demanded by a 
firm and the real wage that the firm faces is called the labor demand curve. Because 
the MPN  curve also shows the amount of labor demanded at any real wage, 
the labor demand curve is the same as the MPN curve, except that the vertical axis  
measures the real wage for the labor demand curve and measures the marginal 

FIGURE 3.5
The determination  
of labor demand
The amount of labor 
demanded is determined 
by locating the point on 
the MPN curve at which 
the MPN equals the real 
wage rate; the amount of 
labor corresponding to 
that point is the amount 
of labor demanded. For 
example, when the real 
wage is w*, the MPN
equals the real wage at 
point A and the quantity 
of labor demanded is N *. 
The labor demand curve, 
ND, shows the amount 
of labor demanded at 
each level of the real 
wage. The labor demand 
curve is identical to the 
MPN curve.
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Figure 3.5: Marginal analysis: hire the
worker if 𝑀𝑅𝑃𝑁 ≥ 𝑊 (equivalently
𝑀𝑃𝑁 ≥ 𝑤 ). Profit is highest where they
are equal.

The labour demand curve is the 𝑀𝑃𝑁 curve, downward sloping. A wage
change is a move along it. What shifts it:

An increase in Shifts 𝑁𝐷 Because

Productivity (𝐴) right beneficial shock raises 𝑀𝑃𝑁
Capital stock (𝐾 ) right more 𝐾 raises 𝑀𝑃𝑁

Table 3.2: What shifts labour demand. (A wage change does not: it moves along the curve.)

3.3 The Supply of Labor

CHAPTER 3 | Productivity, Output, and Employment 115

caring for an aging parent) and the tax rate (which determines how much income 
can be kept after taxes are paid).

The Labor Supply Curve
We have discussed how the amount of labor supplied by an individual depends on
the current and expected future real wage rates. The labor supply curve of an indi-
vidual relates the amount of labor supplied to the current real wage rate, holding
constant all other factors (including the expected future real wage rate) that affect
the amount of labor supplied. Figure 3.7 presents a graph of a typical labor supply
curve. The current real wage is measured on the vertical axis, and the amount of
labor supplied is measured on the horizontal axis. The labor supply curve slopes
upward because an increase in the current real wage (holding constant the expected
future real wage) leads to an increase in the amount of labor supplied.

Factors That Shift the Labor Supply Curve. Any factor that changes the
amount of labor supplied at a given level of the current real wage shifts the labor
supply curve. Specifically, any factor that increases the amount of labor supplied at
a given level of the real wage shifts the labor supply curve to the right, and any fac-
tor that decreases the amount of labor supplied at a given real wage shifts the labor
supply curve to the left. We have already discussed how an increase in wealth (say,
from winning the lottery) has a pure income effect that reduces the amount of labor
supplied at a given real wage. Thus, as shown in Figure 3.8, an increase in wealth
shifts the labor supply curve to the left. We have also discussed how an increase in
the expected future real wage has a pure income effect that reduces the amount of
labor supplied at a given real wage. Figure 3.8 also depicts the response of the labor
supply curve to an increase in the expected future real wage.

FIGURE 3.7
The labor supply 
curve of an individual 
worker
The horizontal axis 
shows the amount of 
labor that a worker will 
supply for any given  
current real wage on the 
vertical axis. The labor 
supply curve slopes 
upward, indicating 
that—with other factors, 
including the expected 
future real wage, held 
constant—an increase in 
the current real wage 
raises the amount of 
labor supplied.
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Figure 3.7: Individual labour supply: up-
ward over the normal range; it bends
back only at very high wages.

Households choose between consumption (needs income, needs work)
and leisure. Work another day while its benefit (more consumption)
exceeds its cost (lost leisure); stop when they are equal.

Effect of a wage rise Direction

Substitution effect Leisure is dearer (each hour off costs more wages)
⇒ work more.

Income effect Same hours now buy more ⇒ afford more leisure
⇒ work less.

Temporary rise (pure
substitution)

Wealth barely moves ⇒ work more; labour supply
rises.

Permanent rise Income effect bites ⇒ labour supply can fall.
Lottery win (pure in-
come)

No change in the reward to work ⇒ work less.

Table 3.3: One wage rise, two hands: substitution pulls toward work, income away from it.
(Real lottery winners cut work by about a dime per dollar won: the pure income effect.)

Shifts 𝑁𝑆 left (less supply): higher wealth; higher expected future wage.
Shifts 𝑁𝑆 right (more supply): lower wealth; lower expected future
wage; a larger working-age population (births, immigration); higher par-
ticipation. Aggregate 𝑁𝑆 slopes up through two margins, the intensive
(hours per worker) and the extensive (whether to work at all); the extensive
margin makes it far more elastic than micro hours-studies suggest. (Keane
& Rogerson 2012)
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doesn’t shift. Equilibrium in the labor market moves from point A to point B. Thus the
model predicts that a temporary supply shock will lower both the current real wage
(from w1 to w 2) and the full-employment level of employment (from N 1 to N 2).

The classical supply–demand model of the labor market has the virtue of sim-
plicity and is quite useful for studying how economic disturbances or changes in 
economic policy affect employment and the real wage. However, a significant 
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demanded equals the 
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plied at point E. The 
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w, and the correspond-
ing equilibrium level of 
employment is N , the 
full-employment level of 
employment.
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Effects of a temporary 
adverse supply shock 
on the labor market
An adverse supply shock 
that lowers the marginal 
product of labor (see  
Fig. 3.4) reduces the
quantity of labor
demanded at any real
wage level. Thus the
labor demand curve 
shifts left, from ND1 to 
ND ,2  and the labor mar-
ket equilibrium moves 
from point A to point B.
The adverse supply 
shock causes the real 
wage to fall from w1 to 
w 2 and reduces the  
full-employment level  
of employment from N 1

to N .2
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Figure 3.9: Equilibrium 𝐸: 𝑁𝐷 = 𝑁𝑆
fixes the full-employment 𝑁̄ and the
market-clearing wage 𝑤∗.

Classical model: the real wage adjusts fast, so the market clears. The
crossing pins down the full-employment employment 𝑁̄ and themarket-
clearing wage 𝑤∗. Its limitation: everyone who wants to work at 𝑤∗ does,
so there is no involuntary unemployment.

̄𝑌 = 𝐴 𝐹(𝐾, 𝑁̄ ) (3.4)
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Full-employment (potential) output ̄𝑌 : plug 𝑁̄ back into the produc-
tion function. It moves when 𝑁̄ moves or the production function shifts
(a supply shock).
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Figure 3.10: Adverse supply shock.
𝑁𝐷 shifts left; 𝑤∗ and 𝑁̄ both fall, so ̄𝑌
falls.

A temporary adverse supply shock lowers𝑀𝑃𝑁 , shifts 𝑁𝐷 left, and slides
the equilibrium down: the real wage falls and 𝑁̄ falls, so ̄𝑌 falls. The
1973–74, 1979–80, and 2003–08 oil-price spikes are the textbook cases; a
rule of thumb is that a 10% oil-price rise cuts GDP by about 0.4 percentage
points. (class slides)

3.5 Unemployment
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one-week unemployment spell will cost a worker a week’s pay but probably will 
not seriously affect the worker’s standard of living. At the other extreme, an 
unemployment spell that lasts for several months may force an unemployed 
worker to exhaust their life savings or to sell a car or house.

The duration of unemployment spells in the United States is characterized by 
two seemingly contradictory statements:

1.	 Most unemployment spells are of short duration, about two months or less.
2.	 Most people who are unemployed on a given date are experiencing unem-

ployment spells with long duration.

To understand how both of these statements can be true, consider an economy 
with 100 people in the labor force. Suppose that at the beginning of every month, 
two workers become unemployed and remain unemployed for one month before 
finding new jobs. In addition, at the beginning of every year four workers become 
unemployed and remain unemployed for the entire year.

In this example, there are 28 spells of unemployment during a year: 24 spells 
that last one month, and four spells that last one year. Thus 24 of 28, or 86%, of the 
spells last only one month, which is consistent with the first statement: Most spells 
are short.

How many people are unemployed on a given day—say, on May 15? There 
are six unemployed workers on May 15: two unemployed workers who began 
one-month spells of unemployment on May 1, and four unemployed workers 
who began one-year spells of unemployment on January 1. Thus, four of six, or 
67%, of the workers unemployed on May 15 are experiencing one-year spells of 
unemployment, which is consistent with the second statement: Most people who 
are unemployed on a given date are experiencing long spells of unemployment.

So far we have focused on completed spells of unemployment. A completed 
spell begins when someone becomes unemployed and ends when that person is 
no longer unemployed, either by becoming employed or by leaving the labor 
force. However, a common measure of the duration of unemployment focuses on 
ongoing, or incomplete, spells of unemployment, which are spells that have not yet 
ended. On any given day, all of the unemployed are experiencing incomplete 
spells of unemployment because they have not yet become employed or left the 

FIGURE 3.12
Changes in 
employment status  
in a typical month
The arrows between two 
boxes represent changes 
from one employment 
status to another; the 
labels on the arrows 
show the fraction of the 
people in one status who 
switch to the other status 
in a typical month. For 
example, the arrow from 
the unemployed box to 
the employed box indi-
cates that 30% of unem-
ployed workers become 
employed the following 
month; the arrow from 
the employed box to the 
unemployed box indi-
cates that 1% of 
employed workers 
become unemployed the 
following month. The 
numbers of people in 
each employment status 
are from January 2022.
Source: Labor Statistics 
from the Current 
Population Survey, 
Bureau of Labor 
Statistics, available at 
BLS website at www.bls 
.gov/cps/cps_flows.htm.
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Figure 3.12: Flows in a typical month
between employed, unemployed, and not-
in-the-labour-force. Stocks change only
when the flows are unequal.

The classical market clears, so it cannot house unemployment. To measure
it, split the working-age population three ways.

Labour force = Employed + Unemployed
Unemployment rate = Unemployed / Labour force
Participation rate = Labour force / Working-age pop.
Employment ratio = Employed / Working-age pop.

Unemployed = no job, available, and actively searched in the last four
weeks. Discouraged workers stop searching, so they leave the labour
force and the headline rate; that is why a higher jobless rate can come
with a lower participation rate. The pain is more than lost income: unem-
ployment lowers mental and physical health even after controlling for
income.

Type Source

Frictional Search and matching take time (heterogeneous jobs and
workers).

Structural Long-term / chronic mismatch, present even outside
recessions.

Natural rate ̄𝑢 = frictional + structural, when output is at ̄𝑌 .
Cyclical 𝑢 − ̄𝑢: the gap over the business cycle.

Table 3.4: Types of unemployment. Most spells are short, yet most people unemployed
on a given day are in long spells. (The natural rate is Friedman’s, 1968: no permanent
unemployment–inflation trade-off to exploit.)

Six official measures, U-1 to U-6 (the headline is U-3):
U-1 unemployed ≥ 15 weeks
U-2 job losers + completed temporary jobs
U-3 official rate
U-4 U-3 + discouraged workers
U-5 U-4 + marginally attached workers
U-6 U-5 + part-time for economic reasons
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FIGURE 3.16
Okun’s law in the 
United States: 
1951–2021
This figure shows the 
relation between the 
growth rate of real GDP 
(vertical axis) and the 
change in the unemploy-
ment rate (horizontal 
axis). Line OL is a graph 
of Okun’s law Eq. (3.6). 
The slope of this line is 
−2, indicating that a  
1 percentage point change
in the unemployment 
rate changes the growth 
rate of output by 2 per-
centage points in the 
opposite direction. The 
horizontal line at 3% 
shows the approximate 
average growth rate of 
full-employment output, 
equaling the rate at 
which actual output 
would grow if there were 
no change in the unem-
ployment rate 
( )∆ =u 0 .
Sources: Real GDP growth rate 
from Bureau of Economic 
Analysis, downloaded from 
the Federal Reserve Bank of St. 
Louis FRED database, fred.
stlouisfed.org/series/GDPCA. 
Civilian unemployment rate 
for all civilian workers from 
Bureau of Labor Statistics, 
downloaded from FRED  
database, series UNRATE.
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associated with a 2% drop in output. The vertical line rising from 0 on the horizontal 
axis intersects OL at 3%. This intercept indicates that, when no change occurs in the 
unemployment rate, the growth rate of actual output is 3%, or the approximate 
average growth rate of full-employment output in the United States.

In Fig. 3.16, the points representing every year from 2011 to 2019 all lie below 
the straight line showing Okun’s law. The unemployment rate fell and real GDP 
grew in all of these years, but the growth in output in each year was smaller than 
would be expected from Okun’s law and the actual unemployment rate. Put dif-
ferently, the economy’s recovery after the financial crisis of 2008 looked stronger 
when measured by the fall in the unemployment rate than when measured by 
GDP growth. Because of this, some economists doubt that Okun’s law is useful in 
modern times.
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Figure 3.16: Okun’s law, US: output
growth against the change in unemploy-
ment. The line has slope −2; the 3% line
is trend growth.

̄𝑌 − 𝑌
̄𝑌

= 2 (𝑢 − ̄𝑢) (3.5) Δ𝑌
𝑌

= 3 − 2Δ𝑢 (3.6)

Each 1 percentage point of cyclical unemployment costs about 2% of
output, not 1%: when unemployment rises the labour force also shrinks,
hours per worker fall, and average productivity dips. With no change in
𝑢, output grows at its ≈ 3% trend. It is a reliable regularity, not physics
(2009 bent it).
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3.7 Quick reference (cheat sheet)

3.7.1 Symbols
𝑌 , ̄𝑌 output; full-employment (potential) output
𝐾, 𝑁 , 𝑁̄ capital; labour; full-employment labour
𝐴 total factor productivity (Solow residual)
𝛼, 𝛽 output elasticities = income shares (Cobb–Douglas)
𝑀𝑃𝐾,𝑀𝑃𝑁 marginal product of capital, of labour
𝑤,𝑊 real wage = 𝑊/𝑃 ; nominal wage
𝑀𝑅𝑃𝑁 marginal revenue product = 𝑃 × 𝑀𝑃𝑁
𝑁𝐷,𝑁𝑆 labour demand (= 𝑀𝑃𝑁 ), labour supply
𝑢, ̄𝑢 unemployment rate; natural rate

3.7.2 Distinctions that trap people
▶ Move vs shift. A wage change is a move along 𝑁𝐷/𝑁𝑆; a shock,
capital, or wealth shifts the curve.

▶ 𝑀𝑃𝑁 vs 𝑀𝑅𝑃𝑁 . 𝑀𝑃𝑁 is extra output (units); 𝑀𝑅𝑃𝑁 = 𝑃 × 𝑀𝑃𝑁
is extra revenue (money). Compare like with like.

▶ Level vs slope. A supply shock changes both the height of the
production function and its slope (𝑀𝑃𝑁 ); the slope change is what
moves labour demand.

▶ Voluntary vs involuntary. The classical market clears, so its
jobless are voluntary; frictional/structural/cyclical unemployment
live outside it.

3.7.3 The chain
Slope of the production function is 𝑀𝑃𝑁 → 𝑀𝑃𝑁 is labour demand →
demand meets supply at 𝑁̄ → 𝑁̄ gives ̄𝑌 → deviations of 𝑌 from ̄𝑌 are
Okun’s law.

3.7.4 Key relations

𝑌 = 𝐴𝐹(𝐾, 𝑁 ) (3.1)
𝑌 = 𝐴𝐾 𝛼𝑁 𝛽 (3.2)
𝑀𝑃𝐾 = 𝛼𝐴𝐾 𝛼−1𝑁 𝛽

𝑀𝑃𝑁 = 𝛽𝐴𝐾 𝛼𝑁 𝛽−1

𝑊 = 𝑀𝑅𝑃𝑁 = 𝑃 × 𝑀𝑃𝑁 (3.3)
𝑤 = 𝑀𝑃𝑁 at the optimum
̄𝑌 = 𝐴𝐹(𝐾, 𝑁̄ ) (3.4)

( ̄𝑌 − 𝑌 )/ ̄𝑌 = 2(𝑢 − ̄𝑢) (3.5)
Δ𝑌/𝑌 = 3 − 2Δ𝑢 (3.6)

Sources: Figures reproduced from Abel, Bernanke & Croushore, Macroeconomics,
11th ed. Acemoglu, D., Laibson, D., & List, J., Macroeconomics (Global ed.), Pear-
son. Mankiw, N. G. (2023), Macroeconomics, 12th ed., Worth. “Cobb–Douglas
Functions,” The New Palgrave Dictionary of Economics. Keane, M., & Rogerson, R.
(2012). The main text follows Abel, Bernanke & Croushore and is not cited in the
body.
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