The AS/AD Model

We now turn our attention to explaining one of the central questions of macroeconomics:
why are there business cycles? Business cycles refer to short-term fluctuations in macroeconomic
performance. One part of the business cycle is a recession, which is defined as a period of
declining economic activity. For many years, a recession was defined as two consecutive quarters
of shrinking GDP. Now, however, the most popular dating method for the U.S. is a more
subjective approach taken by the National Bureau of Economic Research (NBER). The NBER
looks for a variety of signs that the economy is slumping including stagnant or shrinking output

and high or rising unemployment. Figure 1 plots the U.S. civilian unemployment rate with

recessions in grey.

Figure 1: U.S. U-3 Unemployment Rate
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An economic expansion is the period of time between recessions where economic activity is
increasing. The expansion that ended in early 2020 was the longest expansion in U.S. history.
Recessions may be becoming less frequent. And despite the severity of the last two, they may

also be becoming less severe, certainly compared to the nineteenth century.

These notes develop a formal model of the business cycle. Our goal is a simple and compre-
hensible model that allows us to examine the effects of some of the most important components
of short term volatility. These specific notes set up the basics of the model and we will next

look at how fiscal policy (taxes and government spending) and monetary policy impact the
model.



This model includes two major endogenous wvariables, those that the model is trying to

explain. They are:
1. Y, real GDP|

A related concept is the “output gap.” The output gap is the difference between actual
output (Y') and “potential output.” Potential output is the level of GDP that would exist if
unemployment were at its natural rate. The output gap may be negative. Negative values do
not imply that output is negative (which would make no sense). It just means that output is

probably less than policy makers would like it to be.

Figure 2 shows an estimate of the natural rate of output along with actual GDP. Because the
natural rate of GDP is not an actual variable, it must be estimated using statistical techniques
and there is thus more potential measurement error than for actual GDP. The gap between

these lines is the estimated output gap.

Figure 2: U.S. Potential GDP (blue) and actual GDP (red)
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Importantly, we are not explaining where the natural rate of output comes from. Here, it is
an exogenous variable that comes from outside the model. This does not mean it is unimportant.

The natural rate of output may be thought of as output’s long-run level.

2. 7, inflation. In the United States and many other advanced economies. policy makers would
like to keep this close to 2%.

Throughout, the analysis will be done with simple graphs. The AS/AD space has the
inflation gap on the vertical axis, and the output gap on the horizontal. But note that the

model could also be solved using algebra by solving a 222 system of equations.



Graph: AS/AD

Aggregate Demand

We define aggregate demand as all combinations of Y and 7 where markets for goods and
services are in equilibrium. The components of goods and services may be found on the right

hand side of the national income accounting identity:*

Y=C+I1+G+X-M (1)

where C' represents households’ consumption of final goods and services, and I, investment,
refers to firm’s purchases of capital. New housing, whether it is purchased by firms or households
is also included in investment. Housing has features of both consumption and investment. While
it provides utility like most consumption goods, it is also used to create other goods and services
like a capital good. Including it in investment is more of an accounting than economic choice.
G refers to government purchases (at all levels: federal, state, and local) of both capital and
consumption goods. M are imports, purchases of capital and consumption goods made in
other countries. These are also included in C, I, or GG. By subtracting M, they do not affect
aggregate output. Recall that aggregate output only includes goods and services produced
within a country’s borders and imports should therefore not count. X are exports, capital and

consumption goods sold to other countries. They do count in aggregate output.

Conceptually, deriving aggregate demand is asking the question, “if prices (and therefore

inflation) go up or down, how does this affect C, I, G, X, and M, based on the assumption

! An identity defines a relationship and must therefore always be true. In other words, if we count something
in GDP, it must also be included in one of its components. Identities are often indicated using = instead of =.



we are making?” If higher prices imply that these components collectively increase, then
aggregate demand is upward sloping. If higher prices imply that these components decrease,
then aggregate demand is downward sloping. Aggregate demand is not automatically downward
sloping. As we will soon see, it usually slopes downwards because of the specific assumptions

that we are making.

There are many reasons why higher inflation could affect these components of aggregate
output. Our aggregate demand curve is therefore a product of the specific assumptions we
make. The following analysis does not consider every possible explanation. Instead, we will

focus on the most plausible reasons.
An Aside: Interest Rates

Interest rates are the price that borrowers pay to lenders on a loan. Suppose that I borrow
$100 and agree to pay you back $105 in one year. The interest rate is then 5%. Because it is

measured in a currency (dollars), we call this a nominal interest rate.

There are several reasons why lenders demand interest. These include the risk of default
(and not getting fully paid back) and the time value of money which reflects that most people
prefer $1 today to $1 tomorrow. Another factor, however, is inflation. If inflation is 5% then

the purchasing power of $100 today is the same as $105 next year.

Real interest rates are calculated by subtracting inflation from nominal interest rates. But
because lenders and borrowers do not know what inflation will be when a loan is made, they

must rely on expected inflation when agreeing to a loan: m°.

Ty = Z.t — 71'6 (2)

For most loans (e.g student loans, mortgages), quoted interest rates are nominal and not
real. But most economic behavior depends on the real rate, not the nominal rate. Paying 20%
interest may seem excessive, but if you also expect inflation to be 20%, then it is not in real

terms.
Why Aggregate Demand is Usually Downward Sloping?

There are a number of reasons why aggregate demand is usually downward sloping. There

are also a few for why it might be downward sloping. The textbook, for example, discusses



three reasons for why the AD curve is downward sloping. We will, however, take a simpler

approach.

Recall that inflation is redistributionary in that it moves wealth around across agents in
the economy. It is thus a source of risk. Most households and firms are risk averse, they do
not like the potential for redistribution. Households may respond to increased risk by reducing
their consumption and investment on housing. They may choose to save more in case they are
harmed by inflation. Firms may reduce their investment for similar reasons.

As 7 increases, C' and I decline. Because these are important parts of Y, so does aggregate

output.

Graph: AS/AD

Note that the AD curve is not downward sloping for the same reasons as ordinary market
demand curves typically are. The former slopes downward because higher inflation lowers real
interest rates. The reasoning is very different and you should not think of the aggregate demand

curve as the sum of ordinary demand curves.
There is one other factor that we consider:

Multiplier effects: Suppose that higher inflation has already led to lower output. Household
consumption is closely tied to households’ after tax income, (Y — T). As average income falls,
households respond by lowering their consumption. This amplifies (makes worse) the initial
decline in output. This is not a cause of a downward sloping AD curve. But it does make it

flatter because any drop in prices now leads to an even bigger change in output.



Other factors, separate from 7 can also affect aggregate demand. If they change Y without
affecting m, they shift the aggregate demand curve whereas changing P causes the model to

move along it. The following factors have this effect:

1. Suppose that the government decides to increase its spending so that G goes up. Any value
of m now results in more output in the markets for goods and services. So the AD curve shifts
to the right. Had G decreased, AD would have shifted to the left.

Graph: AS/AD

2. We assume that consumption is increasing in households’, after tax income. So if the
government raises taxes, households will have less after tax income and will consume less. AD
thus shifts to the left.

3. Suppose that foreigners acquire an increased taste for American bourbon. America’s net
exports (X — M) will thus increase. Any event that increases net exports will thus shift the
AD curve to the right.

4. Suppose that the Central Bank lowers nominal interest rates, 7. If this does not have a big
enough effect on expected inflation, it will provide an incentive for households to increase their

consumption and investment, and for firms to increase their investment. AD shifts to the right.

5. Suppose that asset prices such as stocks or housing prices increase. Households are then
wealthier and may respond by increasing their consumption.
Table 1 summarizes these events and how they affect AD.

Aggregate Supply



Table 1: Events that Impact Aggregate Demand

Event Shift to AD | Comment

il AD — Expansionary Monetary Policy

G171 AD — Expansionary Fiscal Policy

T AD + Contractionary Fiscal Policy

X-M 1 AD —

Asset Prices 1 AD —

w1 NONE This is how we derived AD, we move along it

Aggregate supply (AS) refers to all combinations of output and prices where factor mar-
kets are in equilibrium. We will focus on one factor market, the labor market, although AS
more generally incorporates other factor markets, such as capital, as well. We will derive this

relationship only through intuition.

To simplify the analysis, we will treat all other inputs except labor (capital, land, energy) as
exogenous. We are thus not trying to explain, for example, how the capital stock has reached

a certain level. We will instead save this question for later in the semester.

The supply of labor comes from household preferences. We assume that as real wages go up,
households choose to work more. This is not obvious. It is also possible that some households

will choose to work less- in essence buying more leisure time with their increased wages.

Labor demand is related to the marginal product of labor- how much additional output a
worker produces. Suppose that an additional worker will produce $30 of extra output per hour.

Then firms will be willing to pay up to this wage.

1. If the nominal wage, W can adjust quickly, then changes to prices should have no effects
on labor and output. We begin with simple graph of the labor market. Employment is on
the horizontal axis and the real wage (IW/P) is on the vertical. We once again use the real
wage instead of the nominal wage (W) because workers care about how much their wages can

purchase.



Graph: Labor Market

Suppose that we are happily at equilibrium and prices double. If wages are flexible (as
we typically assume prices are in microeconomics), then W can just double so that labor is
unchanged. If labor is unchanged, then any price results in the same level of employment, and

thus output. If labor and other inputs do not change, then neither does output.

Graphically, the AS curve is thus vertical:



Graph: AS/AD

2. Macroeconomics emerged in the 1930s with the publication of John Maynard Keynes’s “The
General Theory of Employment, Interest and Money.” Keynes argued that there is something
fundamentally different about the aggregate economy as compared to individual markets. One
common approach to modeling this difference is to assume sticky prices. Sticky prices, which
include the potential for sticky wages (a wage is just a price for labor), are when prices are slow
to adjust to changes in economic conditions. Keynes himself suggested that contracts (possibly
through collective bargaining) were a plausible source of this stickiness. Other explanations,

however, have also been offered.

We now assume that nominal wages (W) are sticky. We could get similar results if we
instead assumed that goods and services prices (P) are sticky. Consider an employee with a set
wage. Every day, small factors affect both the productivity of that employee and her willingness
to supply labor. Yet wages rarely adjust on a daily basis to such changes. This is some casual

evidence for wage stickiness.

The assumption of price stickiness has long been controversial. Many macroeconomists
still find it dubious. In my judgment, there is persuasive empirical evidence in defense of this

approach.

Now suppose that P goes up. If W is sticky, then W/P goes down. The real wage is lower.
This provides firms with an incentive to hire more workers. As employment goes up, so does

output.?

2This approach also assumes that labor demand is more important than supply. Labor demand thus drives
the results.



There is thus a positive relationship between inflation and output. The AS curve is thus

upward sloping.

3. There is, however, a finite amount of labor and other inputs. No matter how high inflation
might go, output cannot double in the short run. We thus assume that as the output gap
becomes significantly positive, the AS curve becomes very steep so that additional inflation

does not have large effects on output.

#2 and #3 may be reconciled. Perhaps when unemployment is relatively high (and the
output gap is relatively low), nominal wages are sticky. Here, workers might lack the leverage
to negotiate higher nominal wages as output becomes higher. But when unemployment is low,
workers have more leverage, and they are able to “unstick” the nominal wage. Hence, AS starts

fairly flat, but becomes steep as Y gets larger.

Graph: AS/AD

The AD curve can also shift if something other than P temporarily affects how much output
a given amount of labor produces. The best example would be a change to another input.
Suppose, for example, that technological innovation allows workers to be more productive so

that the same wage and employment results in more output. AS shifts to the right.
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Graph: AS/AD

Other factors that make it costlier to produce output, excluding the wage, can shift AS
to the left. Suppose, for example, that trade is eliminated. This would prevent firms from

specializing and cause AS to shift to the left. For oil importing nations, higher oil prices cause
AS to shift to the left.

Analyzing the Effects of Macroeconomic Events and Policies in the Model
We now consider some representative examples using the model:

#1: Contractionary Monetary Policy. Suppose that the FOMC is worried that inflation is going
to exceed its target. It knows that more money causes higher prices (more inflation) while less
money has the opposite effect. So it raises interest rates by 0.25%. This causes the aggregate
demand curve to shift to the left. The policy is successful in the short run in that inflation is
reduced. The FOMC, however, faces a tradeoff. The output gap decreases. In the short run,

monetary policy faces a tradeoff between lower inflation and higher output.

Graph: AS/AD
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By lowering the money supply, the Fed raises interest rates (from the graph of the money
market), discouraging investment and consumption. Because this policy reduces output, it is
called contractionary. Had the Fed instead lowered interest rates, both output and inflation

would have increased. Such a policy is called expansionary.

#2: Expansionary fiscal policy. During the pandemic, Congress was worried about rising
unemployment and falling output. It thus passed what is known as fiscal stimulus, which
includes tax cuts and increases to government spending. Both policies shift the aggregate

demand curve to the right.

Graph: AS/AD

The fiscal stimulus increases output. Note that the effect is bigger when the output gap is
highly negative. Were it highly positive, the effect would be small. In contrast, the effect on
inflation becomes larger as Y gets larger. Also, because higher prices reduce real wages, firms

hire more labor which reduces unemployment.

This policy was in fact enacted as the American Recovery and Reinvestment Act (ARRA)
of 2009 in response to the Great Recession. It was enacted during teh covid-19 pandemic as
part of CARES and other fiscal actions. It was also enacted as the New Deal in response to
the Great depression of the 1930s Although professional macroeconomists use much larger and
sophisticated models, the basic intuition of our simple version was arguably the main motivation

behind the policy.

#3: Rising energy prices. Here, higher energy prices reduce the productivity of labor, shifting
the AS curve to the left.
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Graph: AS/AD

This event (which is not a policy as in the previous two examples) causes both higher in-
flation and less output. Both of these changes are usually considered to be adverse (although
higher inflation can be good if deflation is a concern). This combination is called stagfla-
tion. This term was coined during the 1970s when high unemployment and high inflation were
observed simultaneously. This occurred because that economic downturn was caused by a re-
duction in aggregate supply instead of aggregate demand. Higher energy prices were in fact, a

significant part of the story.

It is worth noting that as the United States has become less dependent on imported energy,
the effect of higher energy prices on the economy is less important than it used to be. For

energy exporters, higher prices may be a net benefit.
The Long Run AS Curve

All of the arguments that prices and wages are sticky apply only to the short run. After
several years, macroeconomists agree that prices are flexible. In the long run (and we do not

agree on how long the long run is), the AS curve is thus vertical in this model.

Consider any policy that increases aggregate demand. When the AD curve shifts to the

right, inflation increases, but output does not change.
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One final caution. We should not take this last result to imply that nothing the government
does regarding taxes or spending affects long term macroeconomic output. Rather, these policies
have no such effects in this model. But this is not a good model for long run macroeconomic
analysis, its strength is the short run. If we seriously wanted to examine, for example, how
a large government sector affected growth, we would want a model designed for long-term

analysis.
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