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16 
 
Income, Money and the Price Level in an Open Economy 
 
 

Overview 

In this chapter, we learn: 

●●● how the price level adjusts over time 

●●● how monetary and fiscal policies affect output over different time horizons 

●●● how expected inflation can affect actual inflation 

●●● how shocks to the price of production inputs can affect output and the price level 

●●● how the economy adjusts when the exchange rate is fixed 
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“[Brexit] will push our economy into a recession that would knock 3.6 per cent off GDP and, 
over two years, put hundreds of thousands of people out of work right across the country, 
compared to the forecast for continued growth if we vote to remain in the EU. …the value of the 
pound falls, inflation rises…”  

-- David Cameron and George Osborne, “Brexit would put our economy in serious 
danger,” The Telegraph, May 22, 2016. 

 
 
 
 
16.1 Introduction 
 
In June of 2016, voters in the United Kingdom narrowly approved a referendum on leaving the 
European Union (EU), a common market wherein labor, capital, and goods and services are free 
to move between countries without impediment. The vote in favor of Britain’s exit – or “Brexit” 
– set in motion a process by which the country will leave the EU within two years. 
 
Brexit meant that the desirability of building new factories in the UK, or buying companies 
based there, diminished; post-Brexit, goods produced in the UK will no longer be exported to 
members of the European Union tariff-free. Nor will banks based in London be able to operate 
freely anywhere in the EU.  
 

 
 
All this diminished demand for British assets led to a precipitous drop in the value of the British 
pound, by nearly 8.5% upon the referendum’s outcome, as investors started taking their savings 
out of the UK, and new capital flows to the country diminished. A weaker pound in turn resulted 
in an increase in the prices paid for imported foreign goods, i.e., goods and services produced 
outside of the UK, including those from the rest of the European Union. These events are shown 
in Figure 16.1. 
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Figure 16.1: UK nominal trade weighted value of the pound (blue, left scale), down is a depreciation and 
UK manufactured goods import price inflation, year over year (red, right scale). Source: Bank for 
International Settlements, and OECD. 
 
In July alone, monthly import prices for manufactured goods rose 6%. Since imported goods and 
services account for some portion of goods that firms use as production inputs (think of imported 
oil, or semi-conductor chips that go into British-made electronics), as the pound weakened, the 
general price level also rose. This correlation is shown in Figure 16.2. Consumer price inflation 
rose, and, as time progressed, GDP growth increasingly lagged other economies, particularly 
those of the Euro area and the United States. 
 



Chinn/Irwin International Economics, Chapter 16 (draft 8/4/2018)  © Menzie Chinn 
 

4 
 

-.02

-.01

.00

.01

.02

.03

2015 2016 2017 2018

UK CPI
inflation
(y/y)

UK Manufactured
goods import
price inflation (y/y)

Brexit
referendum

 
Figure 16.2: UK manufactured goods import price inflation, year on year (red), and UK consumer price 
inflation, year on year (blue).  Source: OECD. 
 
 
In essence, the Brexit referendum led to a weakening of the balance of payments, a drop in the 
value of the currency, a rise in inflation, and a stagnation of growth (despite stimulative 
monetary policy). Controlling for the response of monetary policy – which was loosened in the 
wake of the vote – the immediate 10% depreciation led to a 1.7 percentage point increase in the 
inflation rate in the year following the referendum (Breinlich, et al., 2017). In order to explain 
how these developments led from one to the other, we need a model that incorporates the supply 
– as well as the demand – side of the economy, one that allows the price level to change over 
time. 
 
16.2 Allowing the Price Level to Change 
 
In preceding chapters, we’ve held the price level fixed, so we could focus on the behavior of the 
economy in the short run. However, the assumption of a fixed price level is less tenable if we 
want to examine the economy’s behavior over a longer time span. In the United States, the price 
level has generally risen from one year to the next. Figure 16.3 shows the U.S.’s inflation rate 
over seven decades, as measured by the annual percentage change in the consumer price index. 
The rate has moved up and down, but mostly it has remained modestly positive—greater than 
zero, but below 5 percent or so.  
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Figure 16.3: Annual CPI inflation rate. Recessions shaded gray. 
 
In this chapter we develop a framework in which the price level can adjust over time in a way 
that is some extent predictable, consistently with what is observed in the real world. Our 
challenge is to uncover the forces that cause the price level to move, and to understand how 
changes in the price level feed back into the variables we’ve examined earlier, such as aggregate 
demand, the trade balance, and the exchange rate. 
 
The core premise of our revised model will be that the price level changes in response to the 
amount of “slack” in the economy. When output is below a normal level of output, the price 
level tends to fall, as firms lower prices in order to spur sales. If, on the other hand, output is 
above the normal level, then the price level will rise, as firms respond to high sales by raising 
prices. However, in both cases this response of prices to the output gap, the difference between 
output and the normal baseline, occurs with a delay. That is, prices are “sticky.” 
 
In this framework, fiscal and monetary policies can raise or lower output in the short run. Over 
time, however, any such effects on output are negated by changes in the price level, so that 
output gradually returns to the level consistent with full employment. That change in price level 
means inflation or deflation over some time period. Policy aimed at lower output, i.e., negative 
growth, with deflation as the eventual result, is vanishingly rare. But policy moves to rein in 
unhealthily rapid economic growth are common, precisely because too-rapid growth leads to 
high inflation. 
 
Although the extent of economic slack is the key variable, it is not the only determinant of 
inflation. We will also consider the effect of the expectations economic actors have regarding 
future inflation, because firms’ pricing decisions are based partly on their assessment of what is 
happening with prices in general; that will impact their production costs, their competitors’ 
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pricing, and so on. Finally, we will consider the effects of external shocks, such as the price of 
the inputs into the production process; these include, most importantly, the price of petroleum, as 
well as imported inputs that might be denominated in foreign currency.  
 
Our modification of the IS-LM-BP=0 model will relax the assumption that the price level is held 
fixed. This results in a negative relationship between aggregate demand and the price level. Then 
we will show how the price level responds to the output gap, when actors’ expectations are for 
zero inflation. We will put the two pieces together in order to examine the short- and long-run 
implications of fiscal and monetary policies. Next, we will allow firms and households to 
anticipate inflationary pressures. Specifically, we’ll assume that firms and households expect 
inflation to equal the inflation observed in the prior period. Finally, we will examine how the 
model behaves when the prices of inputs into the production process, such as oil, vary 
exogenously.  
 
16.3 The Demand and Supply Sides 
 
Our modification of the IS-LM-BP=0 model will produce an improved representation of the 
economy’s demand side, whereas the response of the price level to the output gap is a supply-
side phenomenon. We start with the demand side. 
 
The Demand Side 
 
The demand side of the model is based on the IS, LM and BP=0 equations used in the previous 
chapters, where for simplicity, we assume the exchange rate is floating. The difference we now 
introduce is that we allow the price level, P, to vary. Because it is now an endogenous variable, 
we remove the overbar. As P varies, so does the real money stock, 𝑀/𝑃, thereby implying a 
different level of aggregate demand for different price levels, as shown in Figure 16.4.  
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Figure 16.4: Derivation of the Aggregate Demand Curve 
 
At price level PB, the LM curve intersects the IS curve at interest rate iB and income level YB. 
Consider what would happen if the price level were higher than PB, at PA; then the real money 
stock would be smaller and hence the LM curve would be shifted in. Given the level of 
autonomous spending and real exchange rate qB, the interest rate would be greater than that 
consistent with external equilibrium, resulting in financial capital inflow. This inflow causes the 
real exchange rate to appreciate (q falls). This crowds out net exports, so the IS curve shifts in 
until i=iA, which is true at income level YA. 
 
Now consider what would happen if the price level were lower than PB, at PC. Then the real 
money stock would be larger, resulting in an LM curve shifted out. Were the IS curve to stay 
fixed, the resulting interest rate would be less than the foreign interest rate, resulting in a 
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financial outflow. The real exchange rate would depreciate, increasing net exports, and shifting 
the IS curve out until such point as external balance was restored, at income level YC.  
 
Notice the negative relationship between the price level and the level of aggregate demand. The 
logic is that if the money supply is held constant, a higher price level results in a higher interest 
rate, which appreciates the currency, crowding out net exports and hence decreasing aggregate 
demand. In contrast, a lower price level induces a lower interest rate and hence weaker currency, 
crowding in net exports and resulting in a higher level of output.1 
 
The aggregate demand curve is drawn for given levels of autonomous spending. Anything that 
increases autonomous demand, such as tax cuts or added government spending, would shift the 
aggregate demand curve outward. The aggregate demand curve is also drawn for given levels of 
the nominal money stock, 𝑀, so increases in that variable would also shift out the aggregate 
demand curve. 
 
We now turn to developing the supply side of the economy, which shows how producers in the 
economy adjust prices and output. 
 
The Supply Side 
 
The supply side of the model is predicated on a simple relationship: when output is above the 
natural rate of output – i.e., when the output gap is positive – prices will rise over time. The 
natural output rate is sometimes called full employment output, meaning not the output of an 
economy where literally every worker is employed, but rather the output of an economy where 
unemployment is as low as it realistically, sustainably can be. Most economists today equate an 
unemployment rate of about 5 or 6 percent with “full” employment, at least where the U.S. is 
concerned. The output rate is also sometimes called potential GDP, again meaning not the 
highest possible GDP but the highest level that can realistically be sustained for an extended 
period of time. Thus output can exceed potential GDP for short stretches.  
 
The response of prices to the output gap is not instantaneous. When output (which equals 
aggregate demand) exceeds the natural rate, firms first raise production. They don’t immediately 
increase the prices they charge; rather, they only do so after a delay period. Conversely, when 
output is below potential, then firms will eventually adjust by decreasing prices. This 
relationship between the output gap and the interest rate is called the Phillips curve, and the time 
delay of the inflation response is called the period. Using subscripts t and t – 1 to distinguish an 
arbitrary period from the one just prior, we write: 
 

(16.1)   
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1 In addition, investment is also lower with higher interest rates, and higher with lower interest rates. This means that 
the negative relationship between the price level and aggregate demand would hold even under fixed exchange rates. 
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P is the price level, and the percent change per period in the price level is the inflation rate, π.2 
On the right, the quotient in the parentheses is the output gap expressed as a ratio: the difference 
between output and full employment output, divided by full employment output. The rate at 
which prices are raised in the current period is proportional to the gap between output and 
potential in the previous period; the f parameter is the proportionality constant, which gives the 
sensitivity of inflation to the gap.3 
 
The aggregate demand equation discussed in the previous section involves the price level at a 
given time. In Equation 16.1, we only have an expression for inflation. To get the Phillips curve 
into a form we can combine with the aggregate demand curve, we need to re-express the 
equation in terms of the price level. We then obtain Equation 16.2: 
 

(16.2)  
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This is one expression for aggregate supply (AS) in the short run, a relationship indicating how 
much firms on average price goods and services as a function of output last period. Formally, the 
current price level is equal to the last period’s level if last period’s output equaled potential GDP 
(the value of which defines the position of the long run AS curve, ASLR). The current price level 
will be higher than the last period’s if last period’s output exceeded potential output; that is, 
firms will raise their prices. This process is shown in Figure 16.5. If output is higher than full 
employment output in period 1, Y1 > YFE, then the price level will rise to P2 in period 2, as all 
firms adjust their prices upward. If in period 1 output had been below YFE, then the reverse would 
have occurred, and the price level line would have shifted downward in period 2. 
 

                                                 
2 Here “percent change” just means that the difference Pt – Pt–1 is divided by the starting value, Pt. The result need 
not actually be expressed as a percentage, which is why no multiplication by 100 is shown.  
3 Sometimes the Phillips curve is expressed as a relationship between inflation and the unemployment rate – when 
the unemployment rate (u) is high, then inflation tends to be low. This alternative definition of the Phillips curve 
follows if unemployment is higher than the full employment level (uFE) when output below the full employment 
level of output, and vice versa. All one has to do is reverse the sign in the relationship, so 𝜋 𝑓𝜑 𝑢 𝑢  . 
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Figure 16.5: Aggregate supply and price adjustment  
 
 
16.4 Putting the Demand and Supply Sides Together 
 
Now we can bring the aggregate demand and aggregate supply sides of the economy together, 
into an AD-AS model, in order to solve for the equilibrium output and price level. Along the 
aggregate demand curve, aggregate demand depends on the price level; at the same time, the 
aggregate supply curve determines the price level as a function of the output level (relative to 
potential output) from the prior period. 
 
Fiscal Policy 
 
To see how the system finds its equilibrium point, suppose in Figure 16.6 that Y=YFE in period 0. 
Assuming there were no subsequent changes in taxes or government spending, and no changes in 
the money supply or the exchange rate, either, the economy would be in equilibrium from the 
start. But now consider an expansionary fiscal policy, so that autonomous spending rises in 
period 1. The AD curves shift outward (white arrows). In the background, the IS curve shifts out, 
and the BP=0 curve shifts upward as the higher interest rate appreciates the currency. Output 
increases to Y1 as firms respond to higher demand solely by increasing production. As yet, 
however, there are no price increases; prices in period 1 are the same as in period 0. 
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Figure 16.6: Expansionary fiscal policy in the short run 
 
 
Thus far, the story is identical to the one from Section 15.2. The advantage of the AD-AS model 
is that it allows us to pursue the story further. In period 2, the price level rises relative to that in 
period 1, since output in period 1 exceeds potential output. Using Equation 16.2, 
 

(16.3)   
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As the price level rises from P1 to P2 (Figure 16.7, gray arrow), movement along the aggregate 
demand curve represents the fact that in the background, the LM curve is shifting inward, 
pushing up the interest rate, appreciating the currency and depressing investment (shifting in the 
IS curve). Output falls from Y1 to Y2. 
 

YFE      Y1  

P 

P0=P1 

  

Y 

 (higher gov’t spending in period 1) 

 (price level in period 1) 



Chinn/Irwin International Economics, Chapter 16 (draft 8/4/2018)  © Menzie Chinn 
 

12 
 

 
Figure 16.7: Price adjustment in response to expansionary fiscal policy 
 
 
Output Y2 is still above the full employment level, so the upward pressure on the price level 
persists. In period 3, the price level will rise again, but by a smaller increment, so output 
continues to fall. The price level keeps on rising over successive periods, as long as output 
exceeds potential output; see the black arrows in Figure 16.8. Only when the price level has risen 
enough to crowd out enough investment and net exports so that output equals potential output 
will the process end. At that point, the price level equals PFinal. 
 

 
Figure 16.8: Expansionary fiscal policy in the long run 
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In the long run, output is back where it began, the price level is higher, and the real exchange rate 
is stronger.4 Hence, fiscal policy has an impact on output in the short run, but not the long run. 
That part of the story could not be told in the fixed price model recounted in Chapters 13 through 
15. 
 
Monetary Policy 
 
The short- and long-run effects of monetary policy play out in broadly similar fashion, as shown 
in Figure 16.9, but with some differences in the details. Again, let the economy start out in 
equilibrium, with Y=YFE. An expansionary monetary policy shifts out the AD curve (white 
arrow). The price level stays the same in period 1, so P1 = P0. In the background, the LM curve 
shifts out, the interest rate falls, and the currency depreciates, so the IS shifts out and the BP=0 
curve shifts down. With output in excess of full employment levels, the price level will rise. As 
the price level rises (gray arrow), the real money stock shrinks, shifting the LM curve back, so 
interest rates rise. The output level falls to Y2. 

 
Figure 16.9: Expansionary monetary policy in the short run and long run 
 
Only when the price level has risen sufficiently far so as to set output back at potential output 
does the process end. As the price level rises to PFinal (black arrow), the LM shifts back to its 
original position. The real exchange rate appreciates back to the starting level, the BP=0 shifts 
upward to its original position, and the IS curve shifts inward towards its original position. In the 
long run, all the real magnitudes revert to their original values. The only difference is that the 
nominal magnitude, the price level, is now higher than it was originally.5  

                                                 
4 The composition of output is also different than before the expansionary fiscal policy. With the interest rate higher, 
but output at the same pre-fiscal expansion level, net exports and investment must be lower than they were to begin 
with. 
5 In Chapters 14 and 15, we made a distinction about the relative efficacy of monetary and fiscal policy under fixed 
versus flexible exchange rate regimes, in the short run. In the long run, by contrast, neither policy is effective in 
raising output. 
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In the long run, money neutrality holds – that is, all the real magnitudes, such as real GDP, are 
unchanged, while nominal magnitudes like the price level are changed. If the money supply was 
increased by 10%, then the price level will have increased by 10% in the long run. The nominal 
exchange rate is also weaker by 10%. Thus the model indicates that an expansionary monetary 
policy weakens the exchange rate in both the short run (as in Chapter 15) and the long run.  
 
 
16.5 Adding in Expectations of Inflation 
 
An Expectations-Augmented Phillips Curve 
 
Up to this point, our treatment of inflation has had firms raising prices solely as a function of the 
lagged output gap. For instance, if f = 0.5, then an output gap of 2% implies that firms will raise 
prices by 1% (= 0.5 × 2%). However, if firm owners all expect 4% inflation, then raising prices 
by only 1% would mean that the expected real price of the goods the firms sell will fall by 3% (= 
1% – 4%). Clearly a better description of real-world price setting incorporates a role for what 
firms expect the general price level to be. This can be written into a more comprehensive version 
of the Phillips curve, called the expectations-augmented Phillips curve: 
 

(16.4)  𝜋 𝜋 𝑓  

 
e
t is the inflation expected in period t, based on the information the market provides in period t – 

1. Now the output gap is the basis for an adjustment to expected inflation, in order to obtain 
actual inflation. 
 
The problem with Equation 16.4 as a modeling tool is that the market’s expectations of inflation 
are unobservable. In order to make the model usable, we need to some observable proxy for e

t . 

A plausible assumption is 1 t
e
t  , which is to say that expected inflation in period t is just the 

actually realized inflation rate in period t – 1. Using this assumption, we obtain the expectations-
augmented Phillips curve with adaptive expectations about inflation: 
 

(16.5)  𝜋 𝜋 𝑓  

 
To see how the price level evolves in this new setup, we revise the price level equation, Equation 
16.2, to take into account expected inflation, here equal to lagged inflation. Replacing Equation 
16.1 with Equation 16.5, and again solving for Pt, we obtain 

(16.6)  𝑃 𝑃 1 𝜋 𝑓  

 
Now consider what happens when inflation initially equals zero, but then there is an increase in 
output. When output rises to Y1 in period 1, the price level stays constant. Only in period 2 does 
the price level rise (since Y1 > YFE):  
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(16.7)  
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Since inflation in period 1 was zero, the expected inflation in period 2 is also zero, and the rise to 
P2 is the same here as it was in Section 16.4.  
 
In period 3, prices rise again, but notice that since P2 > P1 , 02  : 

 

(16.8)  
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From here on, the successive values of the price level diverge from those in the model with no 
expectation of inflation. The exact trajectory of the price level depends on the size of the 
parameter f, as well as on the slope of the aggregate demand curve. But as long as expected 
inflation equals lagged inflation, the price level will initially overshoot the long-run value, before 
eventually settling at PFinal, which is the same value as it would be in the case where inflationary 
expectations did not matter, as in Figure 16.8.  Similarly, Y will overshoot and oscillate but 
converge, over the long run, to its final value, YFE. The bottom line is that eventually, output and 
the price level return to where they would have gone if 0e

t , which effectively is the model of 

Section 16.4. 
 
The Dynamics of Output and the Price Level 
 
Figures 16.10 and 16.11 show the evolution of the price level and output, respectively, in 
response to a 5.6% increase in the money supply. Each figure compares the base case where 
expectations of inflation are zero with the case where expected inflation equals lagged inflation. 
The figures show just one full oscillation cycle; oscillations continue in later periods but get 
progressively smaller. In Figure 16.10, because the money supply increased by 5.6%, the price 
level that started at 1.00 converges to a new value, 1.056, that is 5.6% higher. In Figure 16.11, 
output converges back to its starting value, 6,000, which represents potential GDP. 
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Figure 16.10: Impact on the price level of expansionary monetary policy in year 01 
assuming no expected inflation (blue) and expected inflation (red). 
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Figure 16.11: Impact on output of expansionary monetary policy in year 01 assuming no expected 
inflation (blue) and expected inflation (red). 
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A final note: it might be tempting to think that the economy could be coaxed into permanent 
higher-than-potential output if policymakers were to accept permanent high inflation—say, 20% 
annually. However, one of the characteristics of the expectations-augmented Phillips curve is 
that if policymakers try to maintain output at a level higher than the stable equilibrium that 
potential output represents, inflation will accelerate upward. That is, it will not stay at 20% but 
instead rise to 25%, then 30%, etc. Which is to say, there’s no long run trade-off to be had 
between output and inflation.6  
 
There are other ways in which inflationary expectations can behave. If firms and households 
believe that the long-term inflation rate will not deviate far from a rate targeted by the monetary 
authority, then inflation expectations are described as anchored. If inflation expectations are 
completely anchored, perhaps because the central bank’s commitment to a fixed target inflation 
rate is credible, then monetary and fiscal policies will not result in an acceleration or deceleration 
in inflation. Rather, the outcome is much like in the case of the simple Phillips curve (equation 
16.1), where expected inflation does not play a role. In the medium term, there is no 
overshooting in response to a one shot stimulus.7 
 
 
16.6 Supply Shocks  
 
What’s a Supply Shock? 
 
The preceding analyses focused on changes in aggregate demand that spurred changes in output 
and inflation. Sometimes, however, a supply shock, such as a change in the price of the 
production inputs, is what set events in motion. One important input is oil, used in both 
production and transportation. Another possible source of a shock on the supply side is a big 
drop in the value of the currency, which makes all imported goods more expensive. If lots of 
imported goods are used in the production process, firms will tend to pass those higher costs 
along to buyers in the form of higher prices. 
 
To account for shocks on the supply side, we must again modify the Phillips curve: 
 

(16.9)  tFE
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1  

 
The δ  z term represents the shock effect. The variable z represents the percent change in input 
prices, while δ is a parameter that measures the sensitivity of overall inflation to that one time 
input price increase. For instance, if δ is 0.2, then a one-time 10% increase in input prices bumps 
the inflation rate up by 2 percentage points for the affected period. 

                                                 
6 This idea that there is no long run trade-off because of the adjustment of expected inflation to lagged is most 
closely associated with Nobel laureates Milton Friedman (1968) and Edmund Phelps (1967). If lagged inflation is 
not completely incorporated into expected inflation, the a trade-off will exist in the long-run, although attenuated. 
7 Taken literally, there would be a long term inflation-output tradeoff that could be exploited; for instance, output 
could be kept permanently above potential without inflation accelerating to infinity. However, it’s not plausible for 
the expected inflation rate to remain anchored if inflation constantly exceeds the expected, so this outcome is not 
possible in the real world. 
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Again we revise the price level equation: 
 

(16.10)  𝑃 𝑃 1 𝜋 𝑓 𝛿 𝑧  

 
The Dynamics of a Supply Shock 
 
To see the effect of this revision, suppose once more that the economy starts out in equilibrium, 
with zero inflation and Y=YFE, and now posit that in period 1 there’s a one-time increase in the 
price of inputs, z1 > 0. (Then zt = 0 for all later periods.) As Figure 16.12 shows, in period 1 the 
overall price level rises to P1 (white arrow) and output falls to Y1. Since inflation in period 1 was 
greater than zero, expected period 2 inflation is greater than zero. With the lagged output gap 
negative in period 2, due to the production slowdown that the higher price level induces in period 
1, the price level falls  (gray arrow), assuming the f parameter is sufficiently large. Then output 
rises in period 2 relative to that in period 1, but remains lower than output in period 0.  
 

 
Figure 16.12: Oil Shock in Period 1, expectations augmented Phillips curve, no offsetting policy 
 
In the background, what is happening is that the real money stock is eroded by the higher price 
level in period 1. Interest rates rise, decreasing investment and net exports, the latter by way of 
an appreciated currency. Working through the multiplier, output falls and unemployment rises. 
In period 2, the negative output gap pulls down the price level (unless f is relatively small, in 
which case the decline might occur in a later period).  
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Eventually, output will return to the full employment level, and the price level will return to the 
initial level. However, there will be overshooting on the way to steady state equilibrium.8  
 
Offsetting the Contractionary Impact of the Supply Shock 
In order to cushion the decline of output and bring it to a soft landing at YFinal, the central bank 
could increase the money supply. This would result in an outward shift in the AD and a rise of 
the price level to P1 (white arrows in Figure 16.13).  
 

 
Figure 16.13: Oil Shock in Period 1, expectations augmented Phillips curve, with expansionary monetary 
policy in Period 1. 
 
If the monetary expansion succeeds in making Y1 equal to YFinal, then the inflation in period 2 
will equal the lagged inflation in period 1; hence again the AS curve will shift and the price level 
will rise (gray arrows) despite the fact that input prices are no longer rising. In other words, the 
expansionary monetary policy has validated the price shock, building in inflation. In order to 
keep output at potential, the government will have to increase the money supply again (gray 
arrow). 
 
The bottom line is that if policymakers want to maintain output in the face of a supply shock 
such as an oil price increase, then entrenched inflation is likely to be the result, at least assuming 
expected inflation is set equal to the previous period’s inflation rate. 9 On the other hand, if 

                                                 
8 The overshooting occurs when lagged inflation enters in as expected inflation, as in Equation 16.10. If expected 
inflation is always zero, then output will converge to full employment and the price level to the original level, 
without overshooting. 
9 If inflationary expectations are anchored, then this makes the tradeoff more favorable. Then the cost of offsetting 
the supply shock is merely a higher price level. 
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policymakers wanted to stop the supply shock from spilling over into a general price increase, 
they could implement contractionary fiscal and monetary policies, and use high unemployment 
to stifle the upward movement in the price level. 10 
 
Whether it’s desirable to allow continuous inflation or try to eliminate inflation by enduring 
some period of low output depends on the costs of inflation versus that of underemployment of 
resources, including labor, as well as the amount of output that has to be sacrificed per 
percentage point of inflation reduction. Notice that input prices need not only be interpreted as 
energy prices. They could also be the prices of imported goods used in the production process – 
in which case when the exchange rate exogenously depreciates, the input prices will tend to rise. 
The episode described at the beginning of the chapter is exactly one such instance of a cost-
induced inflationary bout, spurred by higher import prices. 
 
16.7 Application: Understanding Stagflation  
 
During the 1970s, inflation rose at the same time that output was stagnant. The combination of 
the two phenomena was dubbed stagflation, and for some economists it proved perplexing. The 
simple Phillips curve described in Section 16.3 would have had a difficult time accommodating 
the correlation illustrated in Figure 16.14. Notice that through most of the 1960s, the output gap 
and inflation are positively correlated, as predicted by a simple Phillips curve. By 1974, 
however, and again in 1979, output is falling even as inflation is rising. 
 
 

                                                 
10 There is a situation where the effect of an oil shock is even more pernicious, namely if the supply shock (higher 
oil prices) causes some portion of the capital stock to become obsolescent, so that the effective stock of capital 
shrinks. Since YFE depends on the effective capital stock (as well as the labor force, and the level of technology), 
potential output also declines, so that the endpoint for the economy is at a permanently lower output level and higher 
price level. 
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Figure 16.14. Annual CPI inflation rate (blue) and output gap (red). Source: BLS and Congressional 
Budget Office. 
 
What could explain why the two series diverged in the 1970s? The root cause is the changing 
price of oil, shown in Figure 16.15 for the same time period. Before the 1970s, the price of oil 
was pretty constant. Then prices tripled in 1974, and more than doubled again in 1979. 
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Figure 16.15: Price of oil (West Texas Intermediate), in dollars per barrel. 
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However, rising oil prices are not in themselves sufficient to explain the acceleration of inflation 
in the face of a negative output gap. For that, expected inflation has to be included, as well. The 
price shock in 1974 pushed the price level up and output down, as shown in Figure 16.14. 
Monetary and fiscal policy were partially accommodative, so that inflation was allowed to rise. 
Because the accommodation was only partial, output fell below potential. And yet the 
accommodation, even if only partial, allowed inflation to be built into expected inflation. That 
led to an upward trend in inflation, so that when the next oil price shock struck in 1979, inflation 
was already at a higher level. 
 
The model also predicts that wringing inflation out of the system requires a prolonged period of 
high unemployment and low output. This is exactly what happened in the early 1980s, when 
Federal Reserve Chairman Paul Volcker implemented a tight monetary policy that pushed the 
Fed funds rate, which effectively is “the” interest rate for the economy, to new highs. See Figure 
16.16. 
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Figure 16.16: Fed funds rate (blue) and output gap (red). 
 
The Fed funds rate does not look particularly high, even in 1981. But considering the drop in 
inflation, the real (or “inflation-adjusted”) interest rate was extremely high. In short, the 
expectations-augmented Phillips curve incorporating supply shocks provides a good explanation 
of the relationship between output and inflation in the U.S. in the 1970s and early 1980s. 
 

 
Box 16.1: Declining Impact of Oil Prices on Inflation and Output 
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The experience of the 1970s, with their dramatic and until then 
unprecedented increases in oil prices and inflation, established among 
macroeconomists a view of the world that dominated the field for decades. 
Conventional wisdom through the 1990s held that increases in oil prices 
would necessarily result in higher inflation rates—both directly, because 
the cost of gasoline and heating oil factored into the consumer price index, 
and indirectly, as the elevated cost of living percolating through the 
economy in pushing up production costs and wages. 
 
During the early 2000s, the price of oil once again rose. This time, 
however, inflation did not rise so quickly as before. In Figure 16.17, 
showing annual CPI inflation and the annual percent growth rate of oil 
prices, the blue line’s responses to dramatic movements of the red line is 
much more muted starting around 1984 than before.  
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Figure 16.17: CPI inflation (blue, left scale) and year-on-year change in oil 
prices (red, right scale). 
 
Between 1960 to 1983, each additional one-percentage-point increase in 
oil price inflation was associated with an additional 0.086 percentage 
points of inflation. During the period 1984–2017, the associated addition in 
inflation was only 0.022 points. Since concurrent events could obscure the 
true impact, it’s necessary to parse out the causal effect of oil shocks. 
Blanchard and Riggi (2013) determined the effect of an oil price shock in 
the 1984–2009 period to be about one third of what it was in the earlier 
period. 
 
Why was this association weaker in the latter period than the former? 
Several hypotheses have been advanced: 
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1. The intensity with which the U.S. economy relies on energy, 
particularly oil, has declined. 
2. Reduced labor bargaining power means that higher costs of living 
do not lead as easily to higher wage demands. 
3. Greater central bank credibility means that the markets have more 
confidence in announced inflation targets. 

The first hypothesis can be rejected, because the decline in inflation has 
occurred in many advanced economies, whereas the decline in reliance 
on energy is highly variable. Energy intensity of production has declined in 
the United States but remains high in many other developed nations. 
 
Blanchard and Riggi found merit in both of the latter two hypotheses. In 
their structural model, they concluded, more flexible wages and greater 
central bank credibility both plausibly explain the recent lower inflation 
sensitivity to oil prices.  
 
The same observations apply to downward pressures on inflation. 
Declines in oil prices, such as the abrupt, dramatic drop in 1986, should 
have decreased inflation. And it did, but already to a lesser extent than 
might have been expected just a few years earlier. By 2014, a deep dip in 
the price of oil price resulted in only a relatively small decrease in inflation.   

 
 
16.8 Adjustment under Fixed Exchange Rates 
 
We’ve discussed, at length, the implications of the relationship between prices and aggregate 
demand under flexible exchange rates. It turns out that as long as capital mobility is less than 
perfect, the same basic results hold for fixed exchange rates, as well. Increases in autonomous 
spending lead to increased output, which, if it exceeds full employment output, results in rising 
price levels. 
 
However, instead of the real exchange rate appreciating, it may depreciate as the rising price 
level combines with a fixed nominal rate. Particularly illuminating is the case where the 
exchange rate is credibly fixed against another country’s currency, financial capital is perfectly 
mobile, and economic slack exists, as shown in Figure 16.18. (For simplicity, expected inflation 
is assumed to be zero throughout.) 
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Figure 16.18: Economy in recession in period 0, under fixed exchange rates. 
 
In the case where an economic stimulus through fiscal policy is for some reason not feasible 
(say, because the government is already running a worrisome budget deficit), there are two paths 
to adjustment to full employment. The first is currency devaluation, which shifts the AD curve 
out, as shown in Figure 16.19. Full employment output is restored rapidly. 
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Figure 16.19: Adjustment under fixed exchange rates by discrete devaluation 
 
However, for countries that have given up their own currency, devaluation is not an option. 
Panama and El Salvador, for example, are both “fully dollarized,” meaning that their currency is 
the U.S. dollar. The countries of the euro area, like France and Germany, are in a similar 
position, insofar as they use a currency issued by a monetary authority they do not directly 
control. In such cases, price deflation, which depreciates the real exchange rate, is needed for 
home goods to become competitive on the world market. This process, sometimes known as 
internal devaluation, is shown in Figure 16.20. 
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Figure 16.20: Adjustment to full employment by price adjustment 
 
Initially, output is substantially below potential GDP. As that slack pushes the price level 
downward, to P1 (biggest white arrow) in period 1, the real exchange rate depreciates, making 
exports more competitive and imports more expensive. The trade balance improves, so output 
rises to Y1. In period 2, with the output still below potential, the process repeats and the price 
level again falls. Output rises, but still falls short of potential. Over time, the price level 
continues to fall (the sequence of white arrows), until finally the price level reaches PFinal, and 
full employment output is attained. 
 
While both approaches in the end achieve full employment output, devaluation is likely to attain 
the end goal more rapidly. The more inflexible, or rigid, prices are (that is, the smaller the f 
parameter in the Phillips curve), the more prolonged the adjustment process under internal 
devaluation, and hence the period of elevated unemployment 
 
As we’ll see in Chapter 19, in the examination of the euro area crisis, the combination of a single 
currency for all eurozone members with a slow rate of adjustment resulted in a extended and 
painful adjustment period. 
 
16.9 Conclusion 
 
Monetary and fiscal policies can affect output in the short run when the price level is fixed. Over 
time, however, the price level adjusts so as to push output toward full employment levels. If 
output is pushed above potential GDP, then the price level tends to rise, eroding the real money 
stock, pushing up interest rates, and crowding out investment and net exports. If output is below 
potential GDP, then the reverse happens, with the price level tending to fall, expanding the real 
money stock, pushing down the interest rate, and crowding out investment and net exports. 
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Because of this self-adjusting mechanism, monetary and fiscal policies have only a transitory 
effect on output. 
 
If expectations of inflation are adaptive, then attempts to keep output consistently above potential 
GDP will result in ever-accelerating inflation. Similarly, maintaining output consistently below 
potential GDP will cause ever-decelerating inflation (eventually negative inflation). Even 
temporary, but persistent, attempts to keep output above potential can lead to bouts of inflation. 
 
When inflation expectations are anchored, so that lagged inflation does not impact expected 
inflation, then these bouts of actual inflation will tend to be moderated. In the period of the last 
two decades, inflation expectations in advanced economies like the United States have tended to 
be fairly consistent, exhibiting little movement. 
 
Shocks to material input prices can also cause movements in output and the price level. These 
shocks will have a bigger impact the larger the share of material inputs into the production 
process, and the less anchored inflation expectations are.  
 
When a small country on a fixed exchange rate experiences economic slack, and fiscal policy is 
not available as a policy option, there are two approaches to restoring full employment. The first 
is to devalue the currency. If this option is not available because the country does not use its own 
currency, then internal devaluation – adjustment of the real exchange rate by way of price level 
deflation – is the only remaining route. Depending on the degree of price flexibility, this can be a 
long and economically painful process. 
 
 
 
Summary Points 

1. In the short run, the price level is fixed, so that firms respond to changes in demand by 
adjusting output.  

2. Firms also respond to changes in demand by adjusting prices, but only with a lag. (Prices 
are sticky.) 

3. The Phillips curve summarizes the relationship between inflation on the one hand and 
expected inflation, the lagged output gap, and supply shocks on the other hand. 

4. If expected inflation equals lagged inflation – a form of adaptive expectations -- then 
output and the price level will oscillate in the short run. In the long run, output will 
converge to full employment output, and the price level will converge to a steady limiting 
value, as well. 

5. Under adaptive expectations, supply shocks in the form of increased oil prices or 
imported input prices can spark a simultaneous increase in inflation and decrease in 
output, a phenomenon termed stagflation.  

6. If inflation expectations are credibly set by the central bank, then oil price shocks will 
have a muted effect. 



Chinn/Irwin International Economics, Chapter 16 (draft 8/4/2018)  © Menzie Chinn 
 

29 
 

7. A small open economy under fixed exchange rates can adjust toward full employment by 
fiscal policy, currency devaluation or internal devaluation (price level deflation). If fiscal 
policy is constrained, and no independent currency circulates in the economy, then 
internal devaluation is the only adjustment path. 

 
Key Concepts 
 
AD-AS model 
adaptive inflation expectations 
aggregate supply 
anchored inflation expectations 
full employment output 
inflation rate 
internal devaluation 

output gap 
Phillips curve 
potential GDP 
stagflation 
sticky prices 
supply shock 

 
Review Questions 
 
1. When an aggregate demand shock (government spending increase, money supply decrease, 

consumer confidence increase) occurs, is the immediate response of firms to alter production 
schedules or change prices?  

 
2. Do firms respond quickly to changes in the cost of production, such as an increase in wage 

costs or input costs? 
 
3. When the output gap is positive (Y > YFE), is there a relatively low level of unemployment?  
 
4. Should firms take into account the inflation they expect when setting the prices of the goods 

and services they produce? 
 
5. What determines in the real world the expected rate of inflation? 
 
6. If inflation has been positive for a long time, what do you expect would be a good 

approximation for the expected inflation rate? 
 
7. Suppose the output gap is negative, the exchange rate is fixed and for some reason you cannot 

devalue your currency. How can full employment output be achieved? 
 
Exercises 
 
1. Consider an aggregate demand equation: 
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𝑌 2000 10
𝑀
𝑃

 

where M = 100.  
a. Draw the Aggregate Demand curve, using 0.5, 1, 1.5, and 2 as values for the price level. 
b. Suppose YFE = 3000. Add this to the graph you drew for part a. 
c. Suppose the Phillips curve is given by 
 

𝑃 𝑃 0.1
𝑌 𝑌

𝑌
 

and your answer to part a pertains to Period 1. Show what the situation looks like in 
Period 1. What is the price level? 

d. Suppose that the constant in the aggregate demand curve increases to 2500 in Period 2; 
show what happens in Period 2 to output and to the price level. 

e. What happens in Period 3 to the price level? To output? Show your calculations. 
f. Show graphically what happens in the long run. 

 
2. Consider the Aggregate Demand-Aggregate Supply framework in initial short-run and long-
run equilibrium. Suppose lump-sum taxes are increased. You can assume for simplicity that 
expected inflation is always zero. 

a. Show what happens in an IS-LM and AD-AS graph in the period where the tax increase 
occurs. 

b. Show what happens over time to output, the price level, the real exchange rate, and the 
interest rate. 

 
3. Consider the Aggregate Demand-Aggregate Supply framework in initial short-run and long-
run equilibrium. Suppose lump-sum taxes are increased. Assume that expected inflation equals 
last period’s inflation, and for simplicity, assume that initial inflation is zero. 

a. Show what happens in an IS-LM and AD-AS graph in the period where the tax increase 
occurs. 

b. Show what happens over time to output, the price level, the real exchange rate and the 
interest rate. 

 
4. Consider an AD-AS model where the parameter f is infinite. You can assume for simplicity 
that expected inflation is always zero. 

a. Show graphically what the AD-AS model looks like in initial equilibrium.  
b. Consider an increase in the money supply of 10%. Show graphically what happens to 

output. 
c. Given what happens to output, can you say quantitatively what happens to the price level?  
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5. Consider an AD-AS model. Show what happens if 𝐹𝐴, the inflow of foreign financial capital, 
exogenously declines, so that the real exchange rate depreciates. You can assume inflation 
expectations are always zero. 

a. Show graphically what happens in the AD-AS graph. 
b. Suppose that policy authorities didn’t want the price level to rise. What policies could they 

implement? 
 
6. Consider an AD-AS model. Show what happens if �̅� exogenously decreases. You can interpret 
this as due to a decrease in commodity prices. You can assume inflation expectations are always 
zero. 

a. Show graphically what happens in the AD-AS graph. 
b. Suppose that policy authorities didn’t want the price level to rise. What policies could they 

implement? 
 
7. Consider a small, open economy on a fixed exchange rate with a larger country, experiencing 
an economic downturn so that the output gap is negative. Consider the relative merits of currency 
devaluation versus internal devaluation, first if prices are very flexible and then if prices are 
perfectly inflexible. 
 
 
Worked Exercise 
 
2. Consider the Aggregate Demand-Aggregate Supply framework in initial short run and long 

run equilibrium. Suppose lump sum taxes are increased. You can assume for simplicity 
expected inflation is always zero. 
a. Show what happens in an IS-LM and AD-AS graph in the period lump sum tax increase 

occurs. 
 

In period 1, the IS curve shifts in, and as the real exchange rate depreciates, the BP=0 
curve shifts in. The IS curve shifts a little back out as the real exchange rate depreciates, 
for a net inward shift (white arrow). The AD curve shifts in (white arrow). The price level 
stays fixed since we are starting from zero output gap. Interest rates fall to i1, and output 
to Y0.  
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b. Show what happens over time to output, the price level, the real exchange rate and the 
interest rate. 
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The price level falls in period 2 to P2 (the price line falls, gray arrow), leading to a 
downward shift in the LM curve. Real exchange rate depreciates again, so BP=0 curve 
shifts down, IS shifts out. Hence, output rises to Y2 as investment and net exports rise. 

P 

P0= P1 

 𝐴𝐷  (increased taxes) 

YFE=Y0 

ASLR 

Y Y1 

i 

Y Y0

i0 

i1 

 𝐴𝐷   

 𝐼𝑆   

 𝐼𝑆′  (reduced taxes, weakened currency)

 𝐿𝑀  

P2  

 𝐿𝑀’  (price level P2)

𝐵𝑃 0′  (weaker currency)

 𝐵𝑃 0   

 𝐵𝑃 0"  (weaker  
currency again) 

Y2

 𝐼𝑆"  (weakened currency again) 



Chinn/Irwin International Economics, Chapter 16 (draft 8/4/2018)  © Menzie Chinn 
 

34 
 

Over time, the price line will continue to fall until full employment is restored. At that 
time, the LM curve will be shifted out to restore output. The exchange rate will be 
depreciated with respect to original levels. 
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