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16 The Dynamics of Output, Unemployment, and Inflation

We judge the economy — as we judge many areas of life — as much by how it is changing
as by its current state. We want to know whether GDP, unemployment, or inflation are
rising or falling, not just whether they are high or low. In this chapter we examine what
determines whether unemployment or inflation or output are rising are falling at different
stages of the business cycle. In earlier chapters, we examined aggregate demand and
supply separately. Here we consider how they work together to change output,

unemployment, and inflation.

16.1 The Interaction of Aggregate Supply and Aggregate Demand

An easy way to distinguish supply factors from demand factors starts with the definition

of output scaled by POTENTIAL OUTPUT (SCALED OUTPUT) developed in Chapter 6

(section 6.5.2): Y = Y

Ypot '

The theory of growth — that is, the theory of aggregate supply

in the long run —is really a theory of the development of potential output. The theory of
aggregate demand is a theory of output relative to potential. A pure aggregate-supply

factor can, therefore be thought of as one that changes potential output while holding

scaled output (\7) constant. A pure aggregate-demand factor can be thought of a one
that changes scaled output while holding potential output constant.
Although actual economic factors often mix supply and a demand aspects, let us

first look at the pure cases.
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16.1.1 SUPPLY FLUCTUATIONS

Adjustments to Supply Factors when Wages are Flexible

An economy at full employment (that is, with a clearing labor market) is not necessarily
at the peak of the business cycle. Growth can continue, but only if the economy can use
more capital or labor or use it more effectively because of technological improvement.
Any of these sources of growth might be called suPPLY FACTORS.

Starting from full employment, a favorable movement of supply factors other than
labor (that is, an increase in the capital stock or a technological improvement) would shift
the production function and the labor-demand curve upwards. Figure 16.1 shows just the
shift in the labor-demand curve. The level of full employment increases from L* to L**.
At the original real wage (w/p)*, labor demand (LP) exceeds labor supply. Firms must
raise wages to (w/p)** to attract more workers. Higher labor (and greater labor
productivity), of course, translate into higher real GDP — the expansion continues.

A less likely scenario in the United States, but one not historically unknown, is a
fall in labor supply.® The analysis of this case, in which the labor-supply curve shifts

inwards, is taken up in 16.1.

! Because of death and emigration, the population of Ireland, which was about 8,400,000 at the beginning
of the Potato Famine in 1844, fell to 6,600,000 by 1851. Emigration and low birth rates continued into the
20" century, so that at independence from Great Britain in 1921, its population was about half of its level
before the famine. Similarly, the outbreak of bubonic plague in the 14" century known as the “Black
Death” reduced the population of Europe by about a third over the five years from 1347 to 1352.



Figure 16.1
The Effect of a Favorable Shift in Aggregate Supply
on the Labor Market
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A favorable shift in aggregate supply (an upward shift of the labor production
function) raises the marginal product of labor and shifts the labor-demand curve
upwards. At the original real wage (w/p)*, the demand for labor exceeds the
supply. If wages are flexible, firms compete to attract labor through higher market
wage rates, raising the real wage to (w/p)*’ at which point labor supply again
equals labor demand and the size of the labor force has increased from L* to L*’.
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Adjustments to Supply Factors when Wages are Inflexible

If labor markets were flexible and always cleared (as we assumed in Chapter 8, section
8.3), then the analysis of an unfavorable change in supply factors would just be the
reverse of a favorable one. If nominal wages do not fall rapidly to clear markets (see
Chapter 9, section 9.3), then the situation is more complicated.

It is helpful to distinguish clearly between aggregate demand (the expenditure
side of GDP), indicated by a superscript D and aggregate supply (the production side of

GDP), indicated by a superscript S. In Figure 16.2 at full employment at point A with a
real wage (w/ p), and employment (L), aggregate demand (Y,’) equals aggregate
supply (Y,). A negative supply shock shifts the production function and the labor-
demand curve downward. To maintain full employment, the real wage would have to
fall. If it remains at (w/ p),, then labor demand falls to L7, while labor supply remains
at L,. Firms lay off workers and the unemployment rate increases.

If nominal wages are not sufficiently flexible, then the real wage may be lowered
and equilibrium restored by a relative increase in prices: price inflation must exceed
wage inflation until the new full employment real wage (w/ p); is established. What

makes prices rise?

The lower panel shows that the fall in the labor-demand curve at the original wage

would generate labor demand at point B of L7, which (in the upper panel) would produce
aggregate supply of Y,>. At this level, aggregate demand exceeds aggregate supply (Y,

> Y,*). Insuch circumstances firms raise their prices — in this case, faster than the rate of



Figure 16.2
An Unfavorable Shift in Aggregate Supply
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Unfavorable shift in aggregate supply is shown as the downward shift of the labor-production
function, resulting in the fall of the marginal product of labor and the downward shift of the labor-

demand curve. At the original real wage (w/ p),, labor supply exceeds labor demand. If wages
are flexible, the real wage will fall to re-establish equilibrium at point C. If wages are not flexible,
then prices must rise (as aggregate demand (Y, ) exceeds aggregate supply (Y,*) until the real
wage falls to (w/ p),, again re-establishing equilibrium at point C, where there is full
employment, but a smaller labor force and less output than at the original equilibrium (point A)..
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wage inflation — which lowers the real wage. Increasing prices and reduced employment

lower labor income and, therefore, real aggregate demand. The adjustment is complete

when aggregate demand and supply are equal once again at (Y2D =Y,), corresponding to

the new equilibrium in the labor market at point C.

Technological Progress and Capital Obsolescence

When we think of capital or technology generically, it is hard to think of circumstances in
which they would fall and generate a decline in output and rising prices. Recall,
however, that capital is a portmanteau term that includes every non-labor input into the
production process. A large change in relative prices of particular factors of production
may render the existing mix of physical inputs inappropriate and encourage firms to
economize on them.

In earlier chapters we regarded capital and labor as SUBSTITUTES IN PRODUCTION
—that is, if the price of one of them rose, its demand would fall, and the demand for the
other one would rise. This is almost certainly true in the long run. But in the short run,
labor and capital are likely to be COMPLEMENTS IN PRODUCTION — that is, if the price of
one of them rose, its demand would fall, and the demand for the other one would also
fall. When inputs are complements in production, we can look on a firm’s retrenchment
in the face of higher input prices as either an effective reduction in its capital or as a
reduction in its productivity. Either way, the labor production function shifts downward.

Similarly, technological innovations or shifts in demand may render particular

capital inputs obsolete. The introduction of audio compact disks (CDs) virtually
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eliminated the value of machinery specialized in making long-playing, vinyl records
(LPs). The technological innovation reduced the effective capital stock. When the
physical instruments of production remain unchanged, economic statistics do not
necessarily reflect such economic losses to capital accurately. If capital is measured as

still available, even though it is obsolete, measured capital productivity will fall. Either

way, the labor production function shifts downward.

Cost-push Inflation

The price inflation that results from firms trying to adjust to increases in their underlying
costs owing to shifting supply factors is sometimes called COST-PUSH INFLATION. Costs,
seen as originating outside the firms, are passed through and push prices upwards from
below. Cost-push inflation is usually considered a key element in the so-called
stagflation (stagnation + inflation) of the 1970s: both unemployment and inflation were
high, and the economy grew slowly even when it was not actually in recession.
Macroeconomists and economic historians offer a variety of explanations for
stagflation. One of the most popular explanations points to the large, unexpected
increases in the prices of imported commodities in the early 1970s, and in oil prices after
late 1973, as having initiated a series of negative supply shocks — that is, unfavorable
(and unexpected) shifts in supply factors. This explanation is likely to be a significant
part of the truth. Still, we should also recognize that demand factors might have been
involved as well. The United States — and, indeed, most of the developed world — are net
importers of oil. A sudden increase in oil prices also raises import expenditure so that net

exports decline — a fall in aggregate demand.
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16.1.2 DEMAND FLUCTUATIONS

In order to isolate pure supply factors, we assumed that either wages or prices or both
move in such a way that aggregate demand was always adjusted to keep it equal to a
shifting aggregate supply that was itself always equal to potential output. To isolate pure
DEMAND FACTORS, wWe assume that potential output is constant, so that changes in
aggregate demand open up a gap between expenditure plans and output plans. In that
sense, aggregate demand may be smaller or larger than (planned) aggregate supply or

potential output.

When Aggregate Demand Falls Short of Aggregate Supply

When we turn to aggregate-demand fluctuations, we must work backwards through the
diagrams. We start with the level of aggregate demand and ask, given the technology,
how much labor would it take to produce the required output? While potential output is

unaffected, the actual output supplied, in this case, adjusts to aggregate demand.

In Figure 16.3, aggregate demand is initially at Y ° *. At this level, the labor

market clears at point A with a real wage (w/ p)” and employment (L ). A reduction in

D

demand to, say, Y,” reduces the demand for labor to L. If the wage does not adjust, the

fall in aggregate demand creates involuntary unemployment at point B. Firms are off
their labor-demand curves, and workers are off their labor-supply curves. That this
situation could persist is, of course, the puzzle of unemployment discussed in Chapter 9,

section 9.3.1.



Figure 16.3
Shifts in Aggregate Demand
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A reduction in aggregate demand to Y,” reduces the demand for labor generating unemployment at the
going wage (point B). Workers would willing supply labor to meet labor demand (L) at a wage
below market clearing (w/p)1, but a fall in the real wage to this level will not restore full employment
unless aggregate demand also increases. An increase in aggregate demand to Y, is infeasible
because workers require a higher real wage than firms can profitably pay to meet demand for labor

(LY). Firms that offer higher money wages to attract workers and pass on the prices to consumers

ultimately increase the general price level and reduce real aggregate demand back to its market-
clearing level.
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At the lower level of aggregate demand (Y,"), firms could apparently increase

their profits by reducing the real wage to (w/ p);. Yet such an action would not, in itself,

reestablish full employment. Only an increase in aggregate demand will increase

employment.

When Aggregate Demand Exceeds Aggregate Supply

Any attempt to increase aggregate demand above the full employment point is infeasible.

Look again at Figure 16.3. At a higher level of aggregate demand, Y,°, firms wish to

employ a larger number of workers ( L )than want to work at the market-clearing wage.

Since slavery is illegal, they can attract additional workers only by bidding up the money
wage.

But, of course, since workers are already being paid their marginal products,
profit-maximizing firms would have to pass on the additional costs in the form of higher
prices for their output, which would hold down the product-real wage. The net result of
firms across the economy raising their product prices would be an increase in the general
price level, reducing the consumption-real wage and, in general, the purchasing power of
any given level of nominal income. Real aggregate demand must fall back to the full
employment point.

This is an extremely important result:

> Increases in aggregate demand cannot push the economy beyond the point of full

employment; instead they drive up the general price level.
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Inflation that results from increases in aggregate demand beyond the levels compatible

with full employment is sometimes referred to as DEMAND-PULL INFLATION: the forces

of demand, standing above firms, are seen as pulling prices upwards.

Distinquishing the Types of Inflation

Cost-push and demand-pull inflation are fundamentally different. Cost-push inflation
arises because prices must rise relative to wages in order to adjust to a change in the
underlying supply conditions. The inflation that results is temporary and lasts only long
enough to move the price level sufficiently to obtain the new market-clearing real-wage
rate.

In contrast, demand-pull inflation results from aggregate demand exceeding
potential output. All prices (including wage rates) must rise in order to reduce

expenditures to a level at which aggregate demand and supply are again compatible.

16.2 Unemployment and Output Fluctuations

So far we have focused on snapshots of the economy in order to isolate pure supply and
demand factors. In reality, these factors are generally mixed together, and we would like
to understand how they interact. Economic growth is not a smooth process. Recessions
and accompanying increases in unemployment punctuate a generally upward trend. We
now turn to trying to understand the process behind these fluctuations — to construct a
moving picture rather than a snapshot. We begin with unemployment: what determines

the fluctuations of unemployment over time?
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16.2.1 WHAT CHANGES THE UNEMPLOYMENT RATE?

Start with the definition of the unemployment rate (see Chapter 6, section 6.4.3). Writing
LF for the labor force as a function of time and L for the number of workers actually

employed, the unemployment rate at a particular time (t) is

(16.1) utzLE‘dﬂzl— L =1-EMP.
LF, LF,

The employment rate, EMP (= L/LF), in the right-hand term is the complement of the
unemployment rate (that is, U + EMP = 1 by definition).

How does the unemployment rate change through time? The growth rate of the

employment rate is EI<\/IP =L- L/l\: . As is intuitively obvious, the employment rate
increases and, therefore, the unemployment rate decreases when employment grows
faster than the labor force, and vice versa. These relationships follow immediately from
the definition of unemployment, but do not explain much economically. We need to dig
deeper.

The first step is to make the previous observations more precise. Rewrite

equation (16.1) as

(16.1°) 1-U, =
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Expressed in growth rates (16.1°) becomes

AQ-U) -~ A

N\
1-U)~ L-LF.
1-U,

Notice that since 1 is a constant in the numerator, the middle term can be rewritten as
—AUs. Substituting in this expression and multiplying the middle and right-hand side by

—(1 - Uy gives
(16.2) AU, ~(1-U)LF -0).

The second term in parentheses on the right-hand side of this equation is just the
difference in the growth rates of the labor force and employment. It tells us what we
already knew: the unemployment rises when the labor force grows more quickly than
employment and falls when employment grows more quickly than the labor force. The
employment rate (1 — Uy) acts as a scaling factor that indicates the base on which the
growth rates operate. It varies across the business cycle, although usually within a
relatively narrow range. (The post-World War 11 maximum employment rate for the
United States was 97.5 percent and the minimum was 89.2 percent, although in only two

recessions did the employment rate fall below 92 percent.)

10
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16.2.2 THE MoDIFIED BALANCED GROWTH PATH

Although, equation (16.2) is more precise, it still adds little to what we already knew.

The next step is to explain the two growth rates. Recall that labor productivity was

defined in Chapter 5as 0= Y/L, so that §=Y — L or L=Y —@. The participation rate

was defined in Chapter 9 (section 9.2.2) as

N
PR = LF/POP, where POP is the working-age population, so that PR =LF — POP or

AN N

N
LF =PR + POP. Substituting these facts into equation (16.2’) gives

N\ ~ ~
AU, ~(1-U,)(PR +POP — Y +4,)
(16.3)
A N N A
~ U, -, - (PR + POP, 44,

The far right-hand expression is derived from the middle expression by rearrangement

and by multiplying both of middle terms by —1.

- N -~
It is helpful define Y* = PR + POP + 4. Then equation (16.3) can be rewritten

as

(16.3") AU, = (U, (Y, -Y))

Notice that the term U; — 1 is negative, since U; must lie between zero and one.

11
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Equation (16.3’), then, says that there is a critical rate of growth: \?I . Whenever

the growth rate of the economy is above this rate, unemployment falls; whenever it is
below this rate unemployment rises. What is more, we know what determines the critical
rate. It is the sum of the growth rates of participation, population, and labor productivity.
The faster any one of these three is growing, the higher the critical rate.

Recall from Chapter 7 (section 7.4.1) that, along a balanced growth path,
Y =n+8, where n is the rate of growth of population. The participation rate cannot
grow indefinitely, because, by definition, it cannot exceed 100 percent; in practice, it

cannot even come close to 100 percent. So, in the long-run, the rate of growth of the

N
labor force is equal to the rate of growth of population (LF =POP =n). The long-run

equality, notwithstanding, the participation rate may change considerably over the

business cycle or, as has been true over the past 40 years, even over longer periods. The
critical rate of growth \a may therefore be seen as a MODIFIED BALANCED RATE OF

GROWTH: the growth rate sustainable along a balanced growth path modified for a
changing participation rate.
The modified balanced rate of growth carries both a promise and a challenge.

Imagine that the economy is at full employment — a low, but non-zero, measured rate of
unemployment. If GDP grew at exactly \ft then the unemployment rate would remain
constant at that full-employment rate. (Even if the unemployment rate is higher, if GDP

grows at \?t the unemployment rate remains constant.) The modified natural rate of

12
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growth acts as a kind of speed limit for the economy (in just the same way as we

observed in Chapter 7 that the balanced growth path acted as a speed limit).
To raise that speed limit, one of the elements that make up \ft (that is, one of the

growth rates of the participation rate, population, or labor productivity) must increase.
The promise is that if one of these elements — especially labor productivity — can be
increased the economy can sustain higher rates of growth of GDP (and, as we have seen
in Chapter 7, higher rates of growth of per capita GDP). The challenge is that the higher
modified natural growth path raises the bar. When it was lower, a lower rate of growth
would have been enough to keep the unemployment rate low. When it is higher, the

same lower rate of growth would be associated with rising unemployment.

16.2.3 OKUN’S LAW

Equation (16.3) is written as an approximation. If the time interval over which we
measure the change in unemployment were to shrink to an instant, then the equation
would be exact. Each of the substitutions made to convert equation (16.2) into (16.3) are
based on the definitions (rather than fallible estimates) and are exact for instantaneous
change. Real data, however, are not sampled instantaneously but, in this case, at

monthly, quarterly, or annual intervals.

VAN A
Even if the average levels of PR , POP and @ were constant, which they are not
over long periods of time, their cyclical variation would ensure that equation (16.3”) did

not fit exactly. For example, labor productivity tends to decline in recessions (see

Chapter 6, Problem 6.7). The fall in labor productivity (a negative é) would lower \?t

13
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All other things equal, a lower \?t would reduce the rise in the unemployment rate
associated with the recession.
Over time, as the average levels of the elements of \?t change, so will its value.

For example, the growth in the participation rate, which had been substantial in the

United States after the mid-1960s, seems recently to have slowed, which should depress

\ft*. Similarly, the growth of labor productivity, which had slowed in the 1960s, picked
up substantially after 1995, which should raise Y, .

Using annual data for the United States, we can form a direct estimate of Y *
from data on the growth rate of real GDP and the change in the unemployment rate. (The
omitted time subscript indicates that we estimate the average value rather than the
period-specific value.) Figure 16.4 is a scatterplot of these data for the period 1974 to
1998. The period is chosen to reflect the observation made in Chapter 2 (section 2.5.2)
that long-term GDP growth appeared to slow down significantly after the first oil crisis.

The regression line in Figure 16.4 can be described by an equation with the

general form:

AU, = a+byY, +error,

Multiplying and dividing the first two terms on the right-hand side by b, yields

(16.4) AU, =b(Y, +a/b)+error,

14



Figure 16.4.
Okun's Law for the United States, 1974-1998
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Since the slope of the regression line is negative, b is also negative, while a is positive.

Equation (16.4) can be rewritten

(16.4%) AU, :—y(\ft —\?*)+errort,

where y= -b and Y * =—a/b. An empirical relationship in this form is known as
OKUN’s LAw, named for Arthur Okun (1928-1980) who developed the analysis while
serving on President Kennedy’s Council of Economic Advisers. Y *, of course,
measures the modified balanced rate of growth. The parameter » measures how quickly
deviations between the actual rate of growth and Y * are translated into changes in

unemployment rates.

The actual estimated equation for the regression line in Figure 16.5 is

AU, =1.13—0.43\ft +error,, so that the parameters can be calculated: = 0.43 and =

—% = 2.63 percent per year. Okun’s law for 1974-98 is then
(16.5) AU, =-0.43(Y, — 2.63) + error,

Notice that when \ft =Y *, AU; = 0. Therefore, we can read \f*directly from Figure 16.4:

it is the point at which the regression line crosses the horizontal axis.

15



Figure 16.5
Okun's Law for the United States, 1974-1998
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To give an example, imagine that in a recession real GDP growth falls 0.5 percent

over a one-year period. Equation (16.5) predicts that the rate of unemployment will rise:

AU, =-0.43(-0.5-2.63) =—-0.43(—-3.13) =1.35 percentage points over the course of that

year.
A more positive example: if in the middle of an expansion, real GDP grows at a
rate of 4.5 percent per year, equation (16.5) predicts that rate of unemployment will fall:

AU, =-0.43(4.5-2.63) =—-0.43(1.87) =—-0.8 percentage points over a year.

Okun’s law clarifies the phenomenon of growth recessions in which the

economy grows, so there is no official recession, but slowly enough that unemployment

rises. Any GDP growth rate greater than zero but less than Y * results in a rising
unemployment rate, even though there is no recession.

Okun’s law is an empirical relationship, that does not explain every aspect of
changing unemployment. That is why there is an error term. It is, nevertheless, one of
the most robust empirical relationships in macroeconomics. With an R* = 0.79 in
equation (16.5), changes in the growth rate of real GDP account for 79 percent of the
variance of changes in the unemployment rate. This corresponds to a correlation between

the two time-series of 0.89 — which is high.

16.2.4 THE DYNAMICS OF RESOURCE UTILIZATION
The unemployment rate is a measure of the degree of utilization of the labor force.

Output scaled by potential output (\7) provide as more general measure of resource

16
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utilization in the economy. Just as with unemployment, we can ask what determines the
changes in scaled output. The analysis is based on Figure 16.5.

The figure plots the change in scaled output against the growth rate of real GDP.
In contrast to the case of unemployment (Figure 16.4), the regression line is upward
sloping. Scaled output is procyclical; while unemployment is countercyclical. Good
economic times are associated with high scaled output and low unemployment.

Translated into the form of Okun’s law, the equation for the regression line in

Figure 16.5 is

(16.6) AY, =0.80(Y, — 2.78).

The modified natural-growth rate \ft = 2.78 (= 2.22/0.80) per year. This estimate

for \?t is only a little higher than the estimate formed using the usual approach to Okun’s

law, which equation (16.5) gave as 2.63 percent per year. The R?for the regression is
0.80, which is only slightly larger than the R? = 0.79 for equation (16.5). Either estimate
will make little difference to our understanding of the potential of the economy for

growth in the medium term.

16.3 Inflation and Unemployment

Okun’s law is useful because it gives us some idea about how aggregate demand and
supply interact to determine changes in the rates of unemployment or resource utilization.

Unfortunately, it does not tell us everything we might want to know about the dynamics

17
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of macroeconomics aggregates. Because it focuses on changes, it does not tell us what

level of unemployment we might expect. For that we need a starting place. If we know

the level, we can predict how demand will change it. If the growth rate of aggregate
demand (\f) is equal to the growth rate of aggregate supply (that is, to the modified

balanced growth path, \f*), the rates of unemployment and resource utilization remain
constant — whatever its level. We would also like to know what determines that level.
Equally, Okun’s law focuses on the real economy. And we would like to know what
determines nominal quantities, such as the rate of inflation. Thinking about how prices
get set in aggregate sheds light both on the level of unemployment and on the

determination of the rate of inflation.

16.3.1 PRICING BEHAVIOR

As is often the case, the behavior of individual firms provides some insight into aggregate
outcomes. We know from microeconomics (discussed in Chapter 6, section 6.1.2) that,
theoretically, a perfectly competitive, profit-maximizing firm takes the price at which it
can sell its output, and the wages and other prices it must pay for its inputs, as given.
Competition ensures that the price it can charge will just cover its costs, including normal
profits, and will be the same as that charged by its competitors.

From the point of view of the buyer of its output, the important thing is not the
nominal price of the output but the real price — that is, the price of the good relative to the
price of other goods. Call the price of a particular good j, p;. The price of other goods

can be summarized in a price index (call it p), so that the real price or relative price of
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good j can be expressed as pj/p. If demand and supply conditions are constant, then the
real price will itself be constant. An increase in demand or a decrease in supply (for
example, because of rising costs of materials or other factors of production) will raise the
real price of the good.

Although perfect competition is a good approximation for many purposes — and
we have relied heavily on it in discussions of growth and labor markets in previous
chapters — it is rare to find strict perfect competition in actual economies. In reality,
goods are not exactly alike: an increase in the price of a Honda sedan does not drive
every customer to buy a Nissan instead — as it should if the market were perfectly
competitive. Nor is there an auction market in which Honda and Nissan can observe the
going price for sedans before they make their supply decisions.

In reality, many actual markets are imperfectly competitive. Car companies —
and producers of most goods — must choose both the price at which they sell their goods
and the amounts they wish to supply at that price. This does not mean that firms have a
free hand. What a firm charges is clearly limited by demand. And it is limited by its
competitors. |1 may prefer a Honda, but if Honda charges too high a price, I will choose
the Nissan instead, despite the fact that | do not like its features quite so much.

Imperfect competition is difficult to analyze — and usually best left to a course in
microeconomics. The rules of perfect competition help us to analyze actual economies in
many cases, because the competition between firms is great enough that their supply
decisions are close to what perfect competition suggests. Nevertheless, strict application
of the rules of perfect competition is sometimes misleading. It particular, to understand
aggregate inflation, it is best to think of firms as choosing their own prices.
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The question, then, is how to set the price. When supply and demand conditions
remain unchanged, firms should set a constant real price (p;/p). Of course, if there is
general price inflation, then the price of the particular good would have to rise at the rate
of inflation in order to keep the real price constant. The growth rate of the real price is

p,—Pp;itiszerowhen p,=p.

Decisions in economics are necessarily forward-looking. A firm may, for
instance, set its prices at monthly, quarterly or even annual intervals. To do so, it must
anticipate how general prices will change over the month, quarter, or year — that is, it
needs to form an expectation about future prices and needs to change its own price in line

with expected inflation ( p%), not with past inflation. If supply and demand conditions
remain unchanged, then the firm should follow the rule: p;,=,_,p;. This rule says that a

firm at the end of the previous period (t — 1) forms an expectation of what general price
inflation will be during the current period (t), and adjusts the price of its own good to
inflate at the same rate.? (Of course, this is an approximation to firm behavior, because
most firms will not find it convenient to change prices continuously, but may in fact
select a single price such that the average price over the period grows at the appropriate
rate.)

Demand and supply conditions are unlikely to be constant. If demand increases
during the period, a firm would want to raise its real price. To do so, the price of its good

must rise more quickly than general price inflation. Similarly, if real factor prices rise or

% The expectation could equally be thought of as being formed at the very beginning of an period with the
decision governing the changes of prices during the period.
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if conditions of production become unfavorable (for example, a drought would reduce
agricultural productivity), then a firm would also want to raise its real price. This

suggests that the price-setting rule should be modified to account for these factors:

(16.6) P =1 P + f(demand factors) + g(supply factors).

The two functions f(.) and g(.) determine how demand and supply factors affect the

pricing decision. For the time being, we let them remain indefinite, general functions.

16.3.2 THE PHILLIPS CURVE
Equation (16.6) applies to a single firm. If we average over all firms, the variable on the
left-hand side will become the general rate of inflation f)t. Demand and supply factors

that are unique to particular firms or products will tend to average out. What will be left

are factors that affect the economy as a whole. The result of averaging can be written:

(16.7) f)t =, p; + f(aggregate-demand factors) + g(aggregate-supply factors).

The expected inflation term in equation (16.6) was the individual firm’s expectation of
general price inflation. In equation (16.7) it is the average expectation of general price
inflation for all firms. The function f(.), in the terminology of Section 16.1, captures

demand-pull inflation, while the function g(.) captures cost-push inflation.
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Equation (16.7) is known to economists as the expectations-augmented Phillips
curve (or just the PHILLIPS CURVE for short). It is named for the New Zealand
economist A.W.H. Phillips (1914-1975), who in 1958 published an important empirical
study of the relationship of wage inflation to the unemployment rate in the United
Kingdom from which other versions of the Phillips curve have descended.

To apply the Phillips curve to actual data requires definite measures for the
aggregate-demand and aggregate-supply factors and definite functional forms for f(.) and
g(.). Since the first Phillips curve in 1958, the usual measure of aggregate demand has
been the rate of unemployment. We know that unemployment is a strongly
countercyclical variable — high in recessions, when we expect demand to be low, and low
in expansions when we expect demand to be high. Other measures of demand could
equally well be used, as we shall see in the next section.

On the assumption that the relationship between demand and unemployment is

linear, we can write

f(aggregate demand) = a + bU

The coefficient b is assumed to be negative, since demand and unemployment are

inversely related. Substituting into equation (16.7) yields

(16.7) P.=c1P¢ +a+ bU + g(aggregate supplyy).
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16.3.3 THE NATURAL RATE oF UNEMPLOYMENT AND NAIRU

The Concept of the Natural Rate

Assume for the moment that the aggregate-supply factors can be ignored. What rate of

unemployment would make actual inflation p, equal to expected inflation , , p; ? That

is, what rate of unemployment would leave firms satisfied that their pricing strategies

were correct? Expressed algebraically, the question is when does

f)t _Hf)te:a_but:O?

Indicate the solution by U, so that

U; =-alb.

U, is known as the NATURAL RATE OF UNEMPLOYMENT and can be defined as that rate
of unemployment that, if maintained, would result in an actual rate of inflation rate equal
to the average expected rate of inflation.

So long as a and b remain constant, U, will itself remain constant and can be
indicated by U* without a time subscript. The two coefficients are not necessarily
constant. The function f(.) represents the relationship between aggregate-demand factors

and the firms’ relative pricing decisions, which may depend on the detailed structure of

the production process. The relationship between the unemployment rate and aggregate
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demand may itself depend on the organization of labor markets. Changes in either sets of
relationships may result in changes in a and b and, therefore, in changes in the natural
rate of unemployment. We shall consider the variability of the natural rate further later in
a later subsection. For now we assume that it is constant.

Using the natural rate of unemployment, the Phillips curve (equation (16.7°) can

be rewritten

(16.8) P, — .4 P; =—B(U;— U*) + g(aggregate-supply factorsy),

where £ (the lower-case Greek letter “beta”) = —b. (S s assumed to be positive, and the
minus sign helps to remind us that the relationship is inverse.) Equation (16.8) says that
when the unemployment rate is below the natural rate, inflation tends to rise faster than

expected and when the unemployment rate is higher than the natural rate, it tends to rise

slower than expected.

An Estimate of the Natural Rate of Unemployment

Empirical macroeconomists have estimated Phillips curves for many periods and many
countries. They use sophisticated econometric techniques to take account of the variety
of demand and supply factors that might influence prices. As valuable as such
sophisticated studies are, there is much to be learned from simpler approaches.

To estimate gand U*, we must have data on the expectations of inflation.

Fortunately, several surveys provide such data. Figure 16.6 is based on equation (16.8).
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Figure 16.6
The Expectations-Augmented Phillips Curve, 1981-98
(expectations based on surveys of expected inflation)
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The vertical axis measures the difference between the actual inflation rate for each year
and the rate expected at the end of the previous year by professional forecasters (who, of
course, advise firms) for inflation over the year. The horizontal axis measures the rate of

unemployment. The forecast data are available only from 1981. The equation of the

regression line is
B, — .. PE=0.99 —0.22U, + error,.

We assume that aggregate-supply factors can be ignored. In terms of the
equation, this is the equivalent of setting g(aggregate-supply factors;) to zero. In terms of
the regression, it means that any deviations of g(aggregate-supply factors;) from zero
show up as part of the error — that is, in the fact that the points in the scatter plot do not
lie exactly on the regression line.

Multiplying and dividing by-0.22 transforms the equation into the form of

equation (16.8):

(16.9) P — . P= —0.22(Ut —%}:—o.zz(ut ~45).

The adjustment parameter is £ = 0.22, and NAIRU is U* = 4.5 percent. Analogously to
Okun’s law, when U, = U*, p, - ,, p; =0, and we can read NAIRU (U¥*) directly from

Figure 16.6 as the point at which the regression line crosses the horizontal axis.
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NAIRU and the Formation of Expectations

Surveys have not always been available; and, in any case, economists are often skeptical

of survey data. More often than not, macroeconomists eschew surveys of expected

inflation and try instead to model the process through which expectations are formed.
Although there are many ways to model expectations of inflation, the most

simple, and perhaps the most common, way is to assume that whatever rate of inflation

was actually observed last period is expected to obtain this period: , , p; = P, -

Substituting into equation (16.8) yields

(16.10) P = Pea=A P, =-AU:—U*) + g(aggregate supplys).

Here an unemployment rate below the natural rate increases the rate of inflation, while an
unemployment rate above the natural rate reduces it.

The inflation rate is the (percentage) change in the price level, so the change in
the inflation rate is the acceleration in the price level. Equation (16.9) says that when the
actual and natural rates of unemployment are equal, the price level will not accelerate (or
decelerate). Consequently, the natural rate estimated from such an equation is frequently

known as the NON-ACCELERATING INFLATION RATE OF UNEMPLOYMENT (or NAIRU).

® Properly speaking NAIRU is misnamed because it is the price level that accelerates. The rate of inflation
rises or falls, but does not accelerate. Be that as it may, the term NAIRU is now cast-iron idiom among
macroeconomists.
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Some economists distinguish between NAIRU and the natural rate of
unemployment. Milton Friedman (formerly of the University of Chicago and winner of
the Nobel Prize in Economics in 1976) and Edmund Phelps (of Columbia University),
who independently developed the expectations-augmented version of the Phillips curve in
the late 1960s, thought of the natural rate as the equivalent to full employment. What is
more they thought of markets as having a strong tendency to return to full employment if
left alone. “Natural rate” was a clever coinage aimed at converting us to faith in the
smooth functioning of markets and to the view that full employment is what generally
occurs in markets if they are left alone.

One reason to prefer term “NAIRU” to the “natural rate of unemployment” is that
NAIRU is the more ideologically neutral term. While virtually every economist would
agree that there is some level of aggregate demand (and, therefore, some level of
unemployment) that at any time implies a stable rate of inflation, there is considerable

disagreement about whether that rate is stable over time and whether the economy has

any strong tendency to return to it.

An Estimate of NAIRU

Instead of using survey estimates of expectations, we can use equation (16.9), which
forms expectations based on past inflation. Figure 16.8 measures the change in the

inflation rate (Ap, = P, — P,_,) on the vertical axis and the rate of unemployment on the

horizontal axis. The equation for the regression line is
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Figure 16.7
The Expectations-Augmented Phillips Curve, 1981-98
(expectations based on past inflation rates)
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A P, =3.57-0.63U, + error;

The adjustment parameter is £ = 0.63 and NAIRU is U* = 5.67 percent.
As before, this may be transformed into the form of a Phillips curve — this time

into the form of equation (16.9)

(16.11) A |at:—o.63(ut —%}:—0.63@t ~5.67).

To understand what the estimated Phillips curve means, consider an example.
Suppose that the inflation rate is 7.5 percent and that the unemployment rate is 8 percent.

Substituting the unemployment rate for U; in (16.11) gives us A p, = —0.63(8.0 — 5.67)

=-1.47 percent per year. So after a year of steady 8 percent rate of unemployment, on
average one would expect the inflation rate to fall from 7.5 to 6.03 percent per year. The
relatively poor fit of the estimate on which this prediction is based should remind us that
particular forecasts may often be wrong and hardly accurate to two decimal places.
Many other factors matter, and the result is likely to hold on average and not for each
particular year.

Both the estimates based on surveys of expectations and on the past rate of
inflation follow the general pattern of a Phillips curve: high unemployment is associated
with falling rates of inflation (decelerating prices) and low rates of unemployment with

rising rates of inflation (accelerating prices). There are two caveats. First, both
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regression lines explain only a small fraction of the variation in prices as measured by R®.
Second, the estimates of NAIRU and the adjustment parameter are different between the
two estimates. What should we make of these caveats?

The low fit shows that supply factors — or other factors not adequately captured by
the unemployment rate — are relatively important. The tendency of high demand to
accelerate prices and low demand to decelerate them is definitely an enduring fact about
the economy, but there are important non-demand factors as well.

The difference in the estimates is to be expected. We do not know for certain
whether the survey data or the past inflation rates provides a more accurate estimate of
actual expectations of inflation. Detailed research into the Phillips curve displays a wide
variety of estimates of NAIRU. Such uncertainty may arise because the true relationship
between demand and inflation may not be linear as the regression line suggests.

Our empirical estimates also implicitly assume that NAIRU is constant during the
estimation period. This assumption is not true in general, although it may be
approximately true for particular periods. Economists using more sophisticated statistical
techniques that allow NAIRU to change every period have estimated a time series.

Figure 16.8 shows one such estimate — prepared by the Congressional Budget Office
(CBO). The value of NAIRU changes slowly over time. Nonetheless, the average value
for the period 1981-1999 is 5.74 percent — very close to the value estimated for that
period (5.67 percent) based on Figure 16.7.

Changing demographics explain much of the change in NAIRU. In particular,
variations in the pr