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8. The DAD-SAS model

Thus far, in our model, we ignored inflation. That prices do not change (as supposed 
in the long-run equilibrium in the AD-AS diagram) is an unrealistic assumption. In this 
chapter we’ll look at the model recognizing inflation.
The  new  aggregate  supply  curve,  called  the  Surprise  Aggregate  Supply  curve, 
becomes:
SAS: π = πe + λ * (Y-Y*)
Where π = p – p-1

The new aggregate demand curve, called the Surprise Aggregate Demand curve, is 
different for fixed and flexible exchange rates.

For flexible exchange rates:
DAD: π = μ – bY + bY-1 + h * (∆iW + ∆εe)
Where μ= m – m-1. Market psychology is covered by the ∆εe term, representing what 
happens if investors lose confidence in a currency for no clear reason.
This  curve  shifts  up  as  money  growth  increases,  the  world  interest  growth 
accelerates  or  the  change in  expected  depreciation  rises.  Money growth  has  an 
coefficient  of  exact  one.  This is because under  flexible exchange rates,  the real 
money supply had to be constant.  So, the money rate has to grow at the rate of 
inflation.

For fixed exchange rates:
DAD: π = ε + πW – bY + bY-1 + γ∆YW + δ∆G - f(∆iW – ∆εe)
This  curve  shifts  up  as  world  inflation  increases;  the  change  in  government 
expenditure rises or the world income growth accelerates. It shifts down for world 
interest rate growth decline or if the expected depreciation rises.

The DAD-SAS model
The model is dynamic. This is due to two factors:

- Over  time,  the  DAD  curve  moves  as  income  changes.  Its  position  is 
endogenously determined by last period’s income.

- The position of  the  SAS curve  depends  on  expected  inflation.  Over  time, 
inflation changes.

In the long run, people anticipate the rate of inflation correctly. In other words, we 
suppose there’s no unanticipated inflation and thus output will rest at its normal level 
Y = Y*, this is called the equilibrium aggregate supply curve (EAS), a vertical line. In 
equilibrium holds that Y – Y-1 = 0 and if we also let  ∆iW = ∆εe = 0, the  equilibrium 
aggregate demand curve (EAD) becomes: π = μ. This is a horizontal line, at the level 
where inflation equals the money supply growth rate. The intersection between EAD 
and EAS determines the equilibrium in which money growth determines inflation and 
output is at Y*. Under fixed exchange rates the EAD curve turns out to be: π = πW.
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Expectations in the DAD-SAS model
Expectations  play  an  important  role  in  the  economy  of  a  country.  A  simple 
assumption  for  this  issue  is  the  assumption  of  adaptive  expectations.  Here, 
individuals form their expectations on the changes of the inflation in the past. The 
equation that holds for this theory is the following: πe = πe

-1 + a * (π-1 – πe
-1). The 

simplest form (a=1) says that the next year’s inflation rate is the same as this year’s: 
πe =  π-1.  Adaptive expectations  can  work  very  accurate  if  the  variable  does  not 
change very often, on the other hand if it does change a lot, adaptive expectations 
constantly lag behind.

Rational  expectations  are  a  replacement  for  adaptive  expectations.  These 
expectations  are  based  on  all  information  that  is  available  to  individuals.  The 
individuals  in  the  model  know the  whole  model  and  understand  the  relationship 
between  inflation  and  other  exogenous  and  endogenous  variables.  Notice  that 
rationality does not mean  perfect foresight. Policy changes, for example, come as 
surprises. Perfect foresight assumes that their is no uncertainty about anything.

A real rational individual does not expend to much time and money to get a little 
better foresight. He weighs the costs against the benefits. The model we now refer 
to, is called economically rational expectations. 

Monetary policy
To investigate the influence of money the growth rate in the model, we look at an 
increase from μLO to μHI. Of course, we’re looking at the case of  flexible exchange 
rates:

DAD-curve: π = μ – bY + bY-1

SAS-curve: π = πe + λ * (Y-Y*)

1. Monetary policy with adaptive expectations
We start with the model of  adaptive expectations. If the money central bank raises 
the growth of the nominal money supply, money grows faster than prices, the real 
money supply increases. Thus in period 1 the DAD curve moves to the right. If the 
inflation rose simultaneously with money growth, the real money supply would not 
change. In other words, the DAD curve shifts up by ∆μ = μHI - μLO. In reality, inflation 
does  not  follow money  growth  simultaneously.  This  is  because  wages were  set 
before the central  bank raised the growth.  The SAS curve tells how firms react  if 
demand increases, firms move up the curve, raising prices and output.

In the next period, the inflation is expected to be higher. This expectation raises the 
nominal wage by the expected rate. This moves the SAS curve more to the left. Now, 
the income is on a higher level, but this is only temporary. As inflation catches up 
with money growth, and temporarily is even above it, income moves back towards its 
normal level. 
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The relationship of the DAD-SAS with the Mundell-Fleming

Short run
If the money supply growth rate increases from 0 to 10%, the nominal money supply 
rises by 10%. In the Mundell-Fleming model (lower graph) prices are fixed, so in this 
model the real money supply also increases by 10%. This shifts LM to the right. To 
come at a new equilibrium, the exchange rate would depreciate and income would be 
higher.  The same  income increase  can  be  made in the  DAD-SAS model  (upper 
graph), but as we see in figure 6, the SAS line would have to be horizontal. But its 
not, the labour market is not supplying the required output if the prices stay the same. 
Only if real  wages fall  (due to  a  rise  in prices/inflation),  output  increases.  In the 
Mundell-Fleming  model,  this  rise  in prices  can be seen in the  lower  real  money 
supply increase. The LM shifts a little back to the left. Inflation also reduces the real 
exchange rate, hence, IS shifts also a little back to the left.

Long run
The long-run adjustment to a higher inflation level is also reflected in the Mundell-
Fleming  diagram.  In  the  new  equilibrium,  the  real  money  supply  and  the  real 
exchange rate are constant. Meaning that money, prices and the exchange rate grow 
at the same rate. If a currency depreciates year after year with the same rate, the 
market expects this. Bonds with interest rates lower than world interest rate plus the 
depreciation level aren’t interesting anymore. Because the real value of the money 
then decreases. In the Mundell-Fleming model we see this with a new position of the 
FE at iW + ε.

Through the new position pass the LM curve and the IS curve. The LM curve has 
shifted up (and left), meaning the real money supply has fallen. In other words, the 
prices have more risen than the money supply. People want to hold less real money 
when interest rates are at a higher level. To see why the IS has shifted up (and right) 
to the new equilibrium point, we have to recognize the real interest rate. This is the 
nominal interest rate minus the inflation rate (r = i – π). Investors will always look at 
the real interest rate when they decide to whether to invest or not. If the inflation is 10 
percentage  points  higher,  the  nominal  interest  rate  has  to  increase  by  10%  to 
compensate for the lower value of the money.

The Fisher equation states a theory about the behaviour of the nominal interest rate. 
This equation only holds in equilibrium on the EAS curve: i = r-dakje + π. 

2. Monetary policy with rational expectations
Now we look  at  the model  of  rational  expectations.  Monetary policy comes as a 
surprise, once individuals observe a policy change, they use the SAS-DAD model to 
compute its effect on the inflation of the next period.
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When the money growth rate is set higher by the government. The wage contracts in 
the market stay the same, since this change comes as a surprise and the contracts 
were already signed. So the SAS remains the same. The equilibrium level moves to 
the right in period 1, because the aggregate demand curve had shifted to the right. In 
period 2 people realize the change in the money growth. They know the model so 
they can see two things:

- The expected inflation rate is where the SAS from period 2 intersects the EAS.
- The actual inflation rate is where the SAS from period 2 intersects the DAD 

from period 2.

As we see, the actual and expected inflation can only be the same if the SAS from 
period 2 and the DAD from period two intersect just on the EAS line. To conclude: 
the rational expectation of next period’s inflation is given by the point of intersection 
between the EAS curve and the DAD curve anticipated for the next period. 

First there’s surprise inflation cause individuals do not realize the increase in money 
growth, when they realize the inflation decreases but is still higher than in the original 
situation.

Wist je dat je als JoHo lid veel gratis samenvattingen kunt downloaden voor alle grote studies? 
Log in via JoHo.nl

 A
0

A
1

 A
3

 A
2

DAD
0

DAD
1,3

DAD
2

EAD
LO

SAS
0,1

EAD
HI

SAS
3

SAS
2

EAS

                                 Y*             Y
1
                                   Income 

A
3
 = High inflation equilibrium

A
0
 = Low inflation equilibrium

π
2

π
3
=µ

HI

π
1

µ
LO

Inflation

Figure 7



Summary Macroeconomics, part 2 (based on 3th edition) 

3. Monetary policy with perfect foresight
Finally, we look at the model of perfect foresight. In this model there are no surprises. 
Individuals foresee everything, even policy changes.

Before period one starts, individuals know the money growth rate will increase. This 
could be the case if the central bank announces all the policy changes coming. So 
the expectations of the inflation rate are in fact the next inflation rate. Hence, the real 
money supply remains unchanged. The income stays at his equilibrium level.

Fiscal policy
To investigate the influence of government expenditure changes in the model, we 
look at  an increase from G0 to G1.  Of course,  we’re  looking at  the case of  fixed 
exchange rates:

DAD-curve: π = μ – bY + bY-1 + ∂∆G
SAS-curve: π = πe + λ * (Y-Y*)

4. Fiscal policy with adaptive expectations
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We start with the model of  adaptive expectations. Raising government expenditure 
shifts the  DAD to  the right.  The  SAS remains  unchanged, because  the policy is 
unexpected. This leads to income boost and some inflation in the first period. This 
inflation is expected to occur in the second period. This expectation shifts the SAS 
curve up to left. Because government expenditures do not increase anymore,  the 
DAD shifts a little back. The inflation still increases. But in later periods, when the 
income  is below its normal  level,  inflation starts to decrease. Then the  economy 
moves back to its normal inflation level and normal income. As we see, the policy 
works only in the short term. \

5. Fiscal policy with rational expectations
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In the model of  rational expectations the first period is the same as in the above 
case. The difference here is that individuals know that in the second period the DAD 
shifts back, thus they will position SAS to intersect the DAD and the EAS at the same 
point. Then income is back at its normal level and remains there. In the next period 
even the inflation level moves back to the world inflation rate.

6. Perfect foresight
In the model of  perfect foresight people know the DAD will move to the right in the 
next period. The SAS will be positioned so that it intersects the DAD and the EAS at 
the same point. Then income will stay the same, so the policy had no effect and the 
inflation rate will move back to the world rate.

Conclusion
The only way a policy can have effect for some time in the DAD-SAS model is when 
the individuals are adaptive.  In this case,  the longer the wage contracts are,  the 
longer output responses will last. So, policy makers can influence output, but they 
have to do is by surprise. But too many surprises will lead to higher costs for the 
whole economy.

If expectations are rational the effect is very short term, in the perfect foresight model 
there’s no effect at all. 
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9. The Solow model for growth

The models we discussed thus far, helped us understanding economic cycles, but 
they  did  not  help  us  to  understand  international  differences.  The  reason  for  the 
income gaps can only be differences in equilibrium (potential) income. In this chapter 
we only look at potential income, there’s always full employment. To start, we have to 
look at the production function:

Y = F(K, L)

This is the extensive form of the production function. We assume that employment is 
fixed at a normal level, say L0. At this level, the labour market is in equilibrium. We 
also assume that all people work: workers = population. To recall: 

- As one of the factors or both increase, output increases.
- If we let one factor constant, increases of the other yield smaller and smaller 

output  gains.  In  other  words,  the  marginal  product  of  capital will  become 
smaller, the more capital is already in use.

- If both factors rise by, for example, 20% output rises with 20%. In other words, 
we have constant returns to scale.

Growth accounting is, in short, linking the factors that enter the production function to 
the observed income growth.  It is called accounting because it does not ask why 
technology improved so much slower during one period than during another.
A  growth  accounting  way  to  see  the  production  function  is  the  Cobb-Douglas 
production function:

Y = AKαL1-α

Growth accounting tries to seperate the two elements that contribute to the economic 
growth: the expanding capital stock (K) and the growing labour force (L) versus the 
technological progress (∆A/A). A first step in this is to take the natural logarithms: ln Y 
= ln A + α ln K + (1-α) ln L. If we take the difference of both sides and knowing that 
the first  difference in the logarithm of  a variable is a good approximation for  the 
growth rate, we get:

∆Y / Y = ∆A / A + α * ∆K / K + (1-α) ∆L / L

If we assume that the economy operates under perfect competition, each factor of 
production  earns  the  marginal  product  that  it  produces.  The marginal  product  of 
capital equals the real interest rate r, for the labour market this is the real wage rate 
w. Capital income is rK; labour income is wL. The capital income share rK/Y is equal 
to α and the labour income share wL/Y is equal to 1 – α. For most industrial countries 
the labour income share is around 2/3. Once we have a number for α, the above 
equation can be used to estimate the rate of technological progress, called the Solow 
residual:

∆A / A = ∆Y / Y - α * ∆K / K - (1-α) ∆L / L
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Growth theory
We now turn to  growth theory instead of growth accounting. In this section we talk 
about the Solow growth model. To start, we look at the global economy model, with 
no trade and no government (T=G=IM=EX=0). If we want leakages to be zero we 
have to set:

 I = S
S = sY

These two combining gives:

I = sY
Y = F(K, L)
I = sF(K, L)

If  we  want  to know the net  change in the stock of  capital,  we  have to substract 
depreciation (rate ∂) from the investment:
∆K = I - ∂K
Thus:
∆K = sF(K, L) - ∂K

In words: capital stock declines when private savings or gross investment is lower 
than  the  amount  of  capital  we  lose  through  depreciation.  In  a graph  with  output 
vertical  and  capital  horizontal,  this  equation  contains  the  production  function 
multiplied with the savings rate and a straight line with slope ∂. This line is called the 
requirement line. Where both lines intersect is the steady-state capital stock. Now it is 
easy to read the steady-state level  of  income Y* off  the production function.  The 
steady-state  income level is  the  level  of  potential  income  that  obtains  when  the 
capital stock is at the desired level.

Differences in income
Income  levels  differ  between  countries.  The  differences  in  the  labour  force 
(=population, in our simple model) between countries are one of the main reasons. 
The higher the population is, the higher the partial production function. Depreciation 
remains  unaffected  by  population  levels,  so  the  requirements  line  intersects  the 
investment line more to the right, i.e. at a higher capital level. Therefore, the higher 
the population is, the higher aggregate output.

Before, we discussed technological progress, but we did not give an good definition. 
Technological progress is a gain of productivity for  given quantities of  labour and 
capital,  in  other  words:  the  more  efficient  use  of  inputs.  When this  occurs,  the 
production function turns upwards, the same way it does when population increases. 
The  investment  function  turns  upwards  as  well;  the  requirement  line  remains 
constant. The new intersection is at a higher level of capital and output. Income per 
capita now has rise, because we said the quantity of labour was given. The savings 
rate is also a factor that influences the differences in income between countries. If the 
savings rate increases the savings function moves upwards. The point of intersection 
of this investment function is now higher and more to the right (more capital), thus the 
new steady state outcome is also on a higher level. 
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Above, we discussed the movement from one steady state to another, this is called 
transition dynamics.

Consumption
The main goal of an economy is to maximize consumption. In the savings rate we 
have two extremes:

- s = 0, the invest function is a horizontal line. People consume all their income. 
Depreciation  exceeds  investment,  so  the  capital  stock  shrinks  and  finally 
becomes empty. Then, no more output can be produced and no more income 
can be generated. Hence, consumption will be zero.

- s = 1, now, whatever is being produced is saved. The capital stock will move 
up to it’s maximum level. But no money is left for consumption and again it will 
be zero.

Somewhere  between  these  two  extremes  must  be  the  rate  that  maximizes 
consumption.  The  vertical  distance  between  the  production  function  and  the 
requirements line gives consumption in the steady state. This distance widens as the 
capital  stock grows,  for  values where the  production function is steeper than the 
requirements line. The switch point is there where the slopes of the two curves are 
exactly  equal.  The  golden  rule  of  capital  accumulation defines  the  rate  that 
maximizes consumption. The golden steady state is the point where a line parallel to 
the requirement line just touches the production function.

The government can try to move the savings rate towards the golden level. If the 
savings rate is too high, a lower savings rate raises consumption in the short run. 
Also in the long run, as the golden rule indicates, consumption will be higher. In this 
case lowering the savings rate is a good policy. If the savings rate is too low, raising 
it would lead to higher consumption in the long run. But in the short run, consumption 
is  lowered.  The  current  generation  loses  some  welfare,  opposite  to  the  future 
generations who will have a higher consumption level. 

New representation of the model
We will look to the model from another perspective; we’ll analyze the influence of 
changes  in  capital  per  worker  on  the  output  per  worker.  So  rearranging  the 
production function, gives:

(1/L) Y = F[(1/L) * K, (1/L) * L]
Y / L = F(K/L, 1)
If we now let k = K/L and y = Y/L, and f(k) = F(k,1), we get the intensive form: y = f(k)

In this equation y increases as k increases, but at a decreasing rate. Capital per 
worker can change for three reasons:

- If the workforce increases, capital is spread over more workers. Capital per 
worker will decrease in proportion to the population growth rate n.

- More depreciation leads to a lower capital per worker
- More investment leads to a higher capital per worker

The combination of these three reasons gives us the formula:
∆k = i - ∂k – nk
∆k = sf(k) – (n+∂)k
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In  the  steady  state  holds  ∆k=0,  because  the  capital  stock  per  worker  does  not 
change anymore. So, the two terms on the right side of the last equation must be 
equal. In other words: investment must replace the depreciation loss  and the ‘new 
entrants’ loss. The new requirements line is thus on a higher level. The steady state 
is again where  the investment  function  and  the requirement  line intersect.  If  the 
capital  stock  is  smaller  than  its  steady  state  value,  actual  investment  exceeds 
required investment and income and capital per worker grow. If the capital stock is 
higher than its steady state value, both k and y fall. 

If  in one country population grows faster  than in another,  in the first country the 
requirement line will be on a higher level. To let the capital level  be on the same 
level, a higher percentage of workers has to be equipped with capital. At the second 
steady state, investment is too low and k begins to fall towards a lower steady state 
level. So the model says that countries with higher population growth tend to have 
lower capital stocks per worker and also lower per capita incomes.

We can try to put technological progress in the model. This can be done by assuming 
that  technology  determines  the  efficiency  E  of  labour.  The  production  function 
becomes:

Y = F(K, E * L)
E * L = labour measured in efficiency units.

If we let ŷ ≡ Y / (EL) kdakje ≡ K / (EL): ŷ = f(kdakje)
The new production function tells us how output per efficiency unit of labour depends 
on capital per efficiency unit. The requirement line tells us how much investment per 
efficiency unit of labour we need to keep the capital stock per efficiency unit at the 
current level. The extra ‘ job’ for investment is now to also equip new efficiency units 
of labour created by technological progress. Technological progress proceeds at the 
rate ε.

∆kdakje = idakje – (∂ + n + ε) * kdakje

Efficiency units of labour grow faster than labour, thus output per worker must be 
growing. A faster rate of technological progress turns the requirement curve upwards, 
thus lowering capital and income per efficiency unit. This does not mean that output 
per worker is lowered. Instead, faster technological progress raises the level and the 
growth rate of output per worker.
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10. The Solow model advanced

The circular flow identity:
I + (EX –IM) = S + (T-G)

In words: all national saving equals total private investment, at home and abroad. If 
we leave the foreign sector out of the picture and assuming S = s * (Y-T), we get:
I = s(Y-T) + T – G

Now, because ∆K = I - ∂K and Y = F(K,L):

∆K = sF(K,L) + (1-s)T – G - ∂K
Where sF(K,L)  + (1-s)T – G represent national  savings and the last  term (∂K) is 
depreciation.
As we see, higher taxes mean higher national savings and higher investment, thus a 
higher  income.  A rise in  government  spending  shifts  the  savings line down,  this 
reduces the steady-state income. So why does the government not increase taxes, 
there are a few reasons:

- The variable governments would like to maximize is consumption. If national 
savings is already at the golden level, tax rises, as discussed before, would 
lower the steady state consumption level.

- The effect  on current  consumption  is negative.  If  we  place less weight  on 
future consumption compared with current consumption, taxes better not be 
raised.

- Raising  taxes  drives  the  economy  into  a  recession,  driving  income  and 
consumption below their potential levels.

- A rise in taxes crowds out some private spendings, cause of the (1-s) factor.
- Governments  do not,  as  assumed,  only  consume.  They  also  invest  in  for 

example railways. Suppose government expenditure is composed of GC and 
GI (government investment). Then the capital stock changes for ∆K = I + GI  - 
∂K. If we let GI = aG, the new equation becomes: ∆K = sF(K, L) + (1-s)T – (1 – 
a)G - ∂K

If a > s, an increase in government spending that is being financed by a tax rise of 
equal size does boost steady-state income. Then the government invests a larger 
share of its spending than the private sector is prepared to save and invest out of 
disposable income.

The Ricardian equivalence theorem states that government deficit spending does not 
affect  national  savings.  The savings line does not change. The vision behind this 
view is that households realize that return a deficit today will lead to higher interest 
payments of the government in the future. To pay these higher taxes in the future, 
individuals  will  start  saving  today.  They  save  exactly  the  same  amount  the 
government  overspent.  The  essence  is  that  it  makes  no  difference  whether  the 
government spending is financed by higher taxes or by incurring debt. It only affects 
private consumption,  not national savings. In this theory, people act if lives never 
end. They care just as much for the next generation as they do for their own. 
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International capital flows
Now,  we want to look at  the influence of international capital flows on the global 
economy.  Let’s  consider  two  countries,  which are  linked by an integrated  capital 
market.  The  countries  are  country  A  and  country  B.  Both  operate  on  the  same 
production  function  because  they  have  access  to  the  same  technology.  The 
requirement lines are also the same. Only the savings rates differ: country A has a 
much  higher  rate  than  country  B.  Thus  A’s  capital  stock  and  thus  steady-state 
income is higher. 

If both countries are in their autarky steady states (the steady state if capital flows are 
controlled), the opening of the market will lead to new opportunities. Investors will 
want to invest in country B because of their relative shortage of capital  and thus 
higher returns. Banks and portfolio managers will take country A’s savings out of the 
country and into country B. Investment in A is driven below savings, in B it’s above 
savings. The capital stock of B begins to grow, A’s stock starts to fall. The economies 
converge towards a new steady state in which the capital stock is the same in both 
countries. Investment is also the same. The capital exports in the first country are 
equal to the capital imports in the second country. 

The combined incomes of the two countries are higher than before the capital market 
integration. Because the higher marginal product of capital in country B, more income 
is generated there than is lost in country A. The combined capital stock has also 
risen, depreciation was constant, thus the investment must have been higher. 

To understand what the benefits in the countries are we have to explain the terms 
Gross National Product (GNP) and Gross Domestic Product (GDP). GNP measures 
the incomes for the inhabitants of a country, no matter where these are generated. 
GDP measures income within the geographical boundaries of a country. In the partial 
production function where dealing with the GDP, this income does fall for country A. 
But the investment in country B, covered by the GNP, does give higher returns for 
the inhabitants. So the National Products of both countries rise.

The  globalization  of  the  capital  market  leads  to  a  smaller  capital  stock  in  some 
countries. Hence, labour productivity falls and thus wages and labour income will fall. 
Capital  incomes  rise  more  than  labour  incomes  fall,  this  is  a  problem that  rich 
countries face. But is this model realistic? The Feldstein-Horioka puzzle shows that 
there  is  a  high  correlation  between  gross  domestic  savings  rates  and  domestic 
investment.  This  should,  in  theory,  be  the  case  in  closed economies.  In  open 
economies with free capital flow in all countries investment rates should be the same 
and independent of national savings rates.

International goods markets
More international competition will put firms under pressure to produce more efficient. 
This  must  put  the  total  production  function  upwards.  With  a  higher  production 
function,  the  incomes  are  higher  and  people  save  more.  Then,  savings  exceed 
required investment, the capital stock begins to rise. Income grows to a new steady 
state level. 
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The  Solow  model  can  explain  differences  in  incomes,  but  it  is  not  capable  of 
providing  a  realistic  amount  of  the  magnitudes  of  actual  income  gaps.  We now 
discuss three refinements of the model that may provide a more realistic model.

Poverty traps
When a model has more than one stable steady state and is it’s trapped into the low-
income one, this is called a poverty trap. The Solow model says that output doubles 
when all  inputs double.  Now,  let  there  be  economies  of  scale,  output  more  than 
doubles when inputs double, for low levels of the capital stock. In this case there is a 
new point where the savings and required investment lines intersect. The new point 
is called the poverty threshold, the economy must be ‘boosted’ beyond this point to 
come move into the rich steady state, otherwise it will fall back to the poor steady 
state at the origin. The rich and poor states are stable, the poverty threshold is not.

The situation described here can also occur when households can only save a small 
fraction of income when incomes are low. Again there are two stable steady states, a 
rich and a poor one.

With different population growth rates for the same country, for example two rates (a 
high one for low levels of capital and a small one for higher levels of capital), the 
required investment line is broken into two lines. Now there’s more than one steady-
state. The low-income steady state is the point at which the requirement line with the 
high growth rate intersects with the savings rate. The point where the growth rate 
drops  is the  poverty threshold.  If  the  capital  stock  moves beyond this value,  the 
country can accumulate enough capital per worker to move towards the high-income 
steady state.

So we can conclude that in this model, only a big push of an economy will lead to a 
higher steady state. Spreading the same amount over a period of time does not work. 
Poor countries have to open their economies for foreign investors, then international 
capital will flow in. This method works in reality, but not when the economy is caught 
in  the  poverty  trap  we  first  described.  Because  in  this  case,  capital  will  stay 
unproductive at low levels.

Human capital
In the Solow model,  all countries operate on the same production. This does not 
seem to be true in reality. The Solow model states that capital contains items that 
can be bought and used in combination with labour. But there’s also a non-material 
dimension, like experience, abilities and knowledge. We collect them under the term 
human capital. Output then becomes a function of capital, human capital and labour.

Y = F(K, H, L)

Dividing by L results in y = f(k, h)
Where h = human capital per worker. An increase in h turns this partial production 
function up. Problem here is that human capital is difficult to measure.

∆k-kringeltje = i-kringeltje – (∂ + n+ ε + η) k-kringeltje
Where η is the human capital growth rate. Now the investment curve i-kringeltje = f(k-
kringeltje) interacts with the requirement line (∂ + n+ ε + η) k-kringeltje. To keep k-
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kringeltje  unchanged,  investment  must  not  only  replace  depreciation,  but  also 
population, efficiency and human capital growth. 

It turns out that the higher a country’s human capital stock, the higher is per capita 
income. The Solow growth model with human capital is the most general version. 
This version still only explains income levels, and not why incomes grow. Growth can 
only occur  due  to  exogenous improvements.  There are  theories  that  look at  the 
endogenous growth of technological progress or human capital. We will discus one 
now, the AK model.

AK model
Y = AKα(HL)1-α

Where A is  the production technology.  Human capital  is  positively related to  the 
capital endowment per worker, say:

H = K / L. 
Substitution leads to Y = AK or y = Ak.
Marginal productivity of capital does not decrease as the capital stock rises. This is 
simple A, the production technology. Capital aids directly and indirectly in production. 
Directly through its role as an input, indirectly through the side effect of raising human 
capital. Thus output per capita increases linearly with the capital stock. At the origin, 
there’s a steady state. If the investment line is steeper than the requirement line, sA > 
n + ∂, thus for positive capital stocks and incomes, investment is always higher than 
required. The capital stock and income now grow forever. If the requirement line is 
steeper than the investment line, income will shrink and fall back to zero.

Globalization
The  production  function  for  an  individual  firm  is  Y  =  AKα(HL)1-α.  Under  perfect 
competition, the individual will ignore the consequences of its own investments on 
human capital. Then:

∆Y / ∆K = αA (HL/K)1-α

This is, on the AK line (H = K/L),
∆Y / ∆K = αA

What we see is that:
- The marginal  product  of  capital  is the same for  all countries and does not 

depend on the savings rate. So in this model, poor countries will not attract 
foreign investment. Globalized capital markets are of no help.

- Since A > αA, the society thinks the marginal product of capital is higher than 
the individual firm thinks it is. That’s maybe why firms do not invest enough.
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11. Policy and the economy

To explain decisions of individuals in an economic space, the steps to be taken are: 
first  identify  the  constraints and  then  pick  the  best  option  out  of  the  affordable 
options, to know what the best option, we have to specify preferences. 

Let public support for the government depend on inflation (the lower the inflation is, 
the better) π and income Y:

- s = ŝ – 0.5π2 + βY
A government indifference curve combines all outcomes that yield a given level of 
public support. Maybe the government only worries about public support during years 
in which an election takes place. In these periods the indifference curves can also be 
considered iso-vote curves. They translate an inflation and income level into a vote 
share. During election periods the government tries to reach the highest vote. During 
non-election periods the government tries to reach the highest effect on the public 
support that can be generated when the next election comes up.
In  this  model,  the  government  can  choose  to  keep  inflation at  zero.  It  also  can 

expand their expenditures. This moves the demand to the right and on a iso-vote 
curve that’s more to the right  (higher  voting share).  Just  were the iso-vote curve 
touches the SAS line, the maximum amount of votes is reached. But this situation 
cannot be sustained because the inflation expectations will go up in the year after the 
election.  The  SAS  curve  will  shift  up  (to  the  left)  for  the  next  period.  Now,  if 
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expectations are formed adaptively and if voters forget past states of the economy, 
the government can find a new intersection of the new SAS and the DAD at a zero 
inflation rate. To reach this the government has to shift down the DAD curve, creating 
a recession. The recession will be forgotten. Then the government can stimulate the 
economy again, and win the election.

In  this model,  the  government  is not  smoothing  the economy;  instead  it  creates 
booms and recessions to win votes. This is called the political business cycle.

Rational expectations
The SAS curve: Y = Y* + λ-1(π+πe)
The vote function: Y = β-1(s-ŝ+0.5π2)

The votes are the highest on the point where these two curves touch each other. This 
is the point where the slopes are equal, that is when π = β / λ. 

Policy games
In a game the outcome depends on the moves taken by more than one player. In a 
policy  game,  the  government  can  choose  to  stimulate  or  not  to  stimulate.  The 
economy can expect this or not expect this. Four outcomes are possible; we start 
with the point with most vote shares:

1. The labour market does not expect an expansion but the government expands
2. The labour market does not expect an expansion and the government does 

not expand
3. The labour market expects an expansion and the government really expands
4. The labour market expects an expansion but the government does not expand

This game is sequential: the trade union must move first. It has to form an inflation 
expectation and commit to a nominal wage for the length of the contract. The second 
step in the game, is the move of the government: to inflate or not. 

The best thing the trade union can do is anticipating the government’s reaction. They 
have to predict what the government will do. A general problem that occurs is that of 
time inconsistency, a policy that seems optimal today is no longer optimal when it’s 
time to act.  Inflation bias exists if the inflation rate in equilibrium is higher than the 
optimal long-run inflation rate of zero, as long as there is a temptation to inflate; a 
pledge to inflate is not credible. If we play the game repeatedly, the inflation bias still 
exists. By backward induction, the best result will always result in the second last 
round and in the third last round, and so on.

Time inconsistency
The time inconsistency dilemma is built of three aspects:

- The  constraint,  if  the  surprise  aggregate  supply  curve  was  steeper,  there 
would be less inflation bias.

- The preferences, anything that makes monetary policy care less about income 
gains makes indifference curves flatter. This results in less inflation bias.

- Instrument potency, if monetary policy was not an option anymore, the DAD 
curve has to remain lower, and the reduced inflation expectations reduce the 
inflation bias.
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12. The monetary system of the EU

The European Monetary System
In  March  1979  the  EMS  started.  Twelve  European  countries  had  pegged  their 
exchange rate. In 1998, with most of the countries adopting the Euro, the system was 
called EMS II.
In a monetary system involving n currencies, only n – 1 central banks must intervene. 
The last one issuing the n-th currency is free to choose its own course of monetary 
policy.

In an exchange rate system, the nth currency controls monetary policy and generates 
an interest rate the other members have to live with. This brings some strains.

After German unification, a sharp increase in government spending was needed to 
start  rebuilding the  public infrastructure and  provide financial  incentives to  attract 
private investment in the east of Germany. This would shift IS to the right in an IS-LM 
diagram for the nth currency country. The Bundesbank switched the LM curve to the 
left because they were afraid of price increases. Now, the German interest rate starts 
rising, and the FE curve of the other countries shifts upward. Each other country has 
two options: 

- Stay in the EMS,  thus  buying their  own currency and reducing the money 
supply (LM moves to the left). The new equilibrium is at the left side of the 
graph, at a higher interest rate and a lower income.

- Leave the EMS. The LM curve does not move now. The interest rate will be 
higher, but now the income is at a higher level.

The  EMS allowed the  exchange rate  to  fluctuate  within a  band.  This band  was 
normally  2.25%,  some  countries  were  granted  6%.  In  the  crisis,  even  15% was 
allowed. Central banks can influence the exchange rate by buying or selling foreign 
currency;  this  is  called  foreign  exchange  market  intervention.  This  makes  the 
exchange rate response line flatter (horizontal: money supply m; vertical: exchange 
rate e). The more vigorous the intervention response of the central bank is expected 
to be, the flatter the exchange rate response line will be.

Suppose the exchange rate is at parity and the money supply is at the corresponding 
value. The money supply can only change randomly; the expected change value is 
zero.  Hence, the probability  of  a positive intervention is exactly the same as the 
probability of a negative intervention. So, also the expected intervention is zero. The 
exchange rate response  line has  the  same  slope (1)  as under flexible exchange 
rates.

Now, suppose the money supply is at mup, here a flexible exchange rate would be on 
the upper bound. The next random shock could lead to a rise of the money supply, 
the probability is 50%. If this happens, the central bank must intervene and keep the 
money supply from rising. The next random shock could also lead to a shrink of the 
money  supply,  the  probability  is  50%.  The  two  possibilities  will  both  lead  to 
expectation of a fall in the money supply. As a consequence, the exchange rate does 
not rise as high as it would have without the expectation of intervention. That’s why 
this  curve  is  S-shaped.  The  target  zone  policy  dampens  the  fluctuations  of  the 
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exchange  rate.  Even  the  15%  band  works,  because  it  will  lead  to  less  high 
fluctuations.

Euroland, a monetary union
The monetary policy is conducted by one central bank, the ECB. The national banks 
act on orders of the ECB. The European Central Bank cannot influence how much 
money is held in individual countries. The ECB only influences the total.

It does not matter which country’s central bank expands. In a situation where there is 
no goods trade:  if  one  country  expands it  money supply,  by  buying government 
bonds  from their  own  residents,  their  individual  LM shifts  to  the  right.  This  puts 
downward pressure on the national interest rate, making domestic bonds unattractive 
for other countries. The domestic individuals will try to sell their bonds and purchase 
bonds from other countries. Now, the national money supply falls, but rises in other 
countries. The interest rate will now move back up. The interest levels will meet each 
other  between the old and the last  value.  In the end, in all countries,  the money 
supply has increased.

In a situation with goods trade, after  the expansion of the money supply and the 
income rise, demand for import is higher. This moves the IS of the other countries to 
the right, leading to a higher income level and a lower interest rate.

Fiscal policy
Discipline in fiscal policy is an important issue in a monetary union. If one country 
starts to boost income by raising government spending, the interest rate in that and in 
all other countries will rise. Income falls in the other countries and an excess supply 
of money will follow in the other countries. In the ‘boost’ country is an excess demand 
for money. Excess liquidity flows to that  one country. The LM curves of the other 
countries will move to the left, resulting in a lower income. 

The last case describes the reason why there’s now a ‘Pact for Stability and Growth’ 
in Europe.
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13. Central bank independence

As we discussed before, the size of inflation bias, caused by the time inconsistency 
of monetary policy, is determined by three factors. We will now look at them in more 
detail.

Preferences
The  government gains more  from surprise inflation than the  central  bank.  This is 
because  there’s  an  extra  (left  alone  the  increase  in  income)  bonus  for  the 
government.  That  is,  surprise  inflation  reduces  the  government’s  real  debt.  This 
reduces interest payments,  so there’s more money for government spending. The 
way  the  inflation  is  created  also  gives  a  bonus,  if  the  central  bank  purchases 
government  bonds,  the  government  can  finance  part  of  its  spending.  The 
government’s indifference curve in inflation-income space is steeper than that of the 
central bank.

The central bank independence measures the extent to which the central bank may 
conduct monetary policy without having to respond to what the government wants. 
The flatter the indifference curve of the central bank, the more independence. The 
inflation  bias  is  lower  for  flatter  indifference  curves.  We can  say  that  the  more 
independent  the  central  bank  is,  the  lower  the  inflation  rate.  In  principle,  every 
country should have an independent central bank. Unfortunately this is not the case, 
for two reasons:

- The  costs  to  make  a  complete  independent  central  bank  scare  some 
governments away.

- The transition to a low inflation level may come with a big decrease in income.

Instrument potency
The  government’s  control  over  the  money  supply  can  be  removed  by  the 
implementation of a rule that leaves no room for discretion. This can be done with a 
fixed  rule,  which  specifies the  annual  money  growth.  Another  option  is  to  set  a 
contingent rule that depends on the state of the economy. The Taylor Rule is also a 
good predictor of the monetary policy:

Taylor ule: i = itarget + 0.5 (π-πtarget) + 0.5 (y-y*)
Another way to remove the government’s control is by pegging the currency to some 
foreign currency. In the European Monetary System the currencies are pegged.

The constraint
When a country moves from flexible to fixed exchange rates, its SAS curve becomes 
flatter in a π-Y diagram. To see this, we have to define the consumer price index 
(CPI) and the producer price index (PPI). The CPI measures how much a typical 
basket of consumption (domestic and foreign) goods costs in a particular country. 
Consumer price inflation affects the buying power of the nominal income. The PPI 
measures the average price of goods and services produced domestically. Producer 
price inflation is the inflation rate we can see in the SAS curve.
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Under  fixed  exchange  rates  an  increase  in  the  consumer  price  of  one  country, 
increases both the price of domestically produced goods and foreign goods by the 
same  amount.  Under  flexible  exchange rates,  the  same consumer  price inflation 
leads  to  a  smaller  change  of  domestic  producer  prices.  The  reason  is  the 
depreciation  of  the  real  exchange  rate.  The  output  increase  of  the  domestic 
producers will be smaller, because the price increase is also smaller. So we see that 
the SAS curve is steeper under flexible exchange rates.

In an ideal  situation,  members  of  an union share the  burden of  adjustment  to  a 
common policy. Such a symmetric system would lead to a higher inflation than under 
the leadership of the lowest inflation country.  All the countries are then worse off, 
therefore, an asymmetric solution is chosen in the EMS. 

Let’s recall what we discussed so far:
To create price stability a government can best do one of the following:

- make the central bank independent
- appoint the most inflation-averse central banker
- bind the central bank by a zero inflation rule
- peg the exchange rate to a country which uses one of the above features

An adverse supply shock can be followed by a few reactions of the central bank. With 
an adverse supply shock, firms will scale down the production; the SAS curve is 
pushed to the right. The options for the central bank are:

- Keep money growth unchanged, DAD stays in its old position. The effect is 
spitted in a little higher inflation and a lower income level.

- A  hard-nosed central  bank with  extreme inflation aversion would permit  no 
inflation. With a reduction in the money growth the DAD curve moves down 
and only incomes decreases a lot, the result is a recession.

- A wet central bank would accept no decrease of income; it accommodates the 
negative supply shock with an acceleration of money growth. The DAD moves 
up, the income stays constant.

What we see, is that the central  bank must not  be extreme inflation aversed. But 
above we stated that a central banker must be the most inflation-averse candidate. 
When there are shocks a country can better opt for a government-dependent central 
bank. But in that case, the country has a higher inflation bias generally. A country 
must try to balance these effects. But how? Now, we will look at this question.

Suppose the economy is in full  employment  output  Y*
classical.  With a perfect  labour 

market. Surprise inflation could make income rise, but then people are working at 
real  wages at which they actually do not  want to work.  This makes that  incomes 
above Y*

classical.are undesirable. The preference function of the government, the public 
and the central bank becomes:

- s = s-streepje – ½ * π2 – ½ β (Y - Y*
classical)2
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In 

the figure we see that the  government reaction function is now negatively sloped 
because of the new preference function. This is because as we come closer to the 
desired income, income gains become less interesting.

Let’s make a new SAS curve with the shocks σ in it.

π = πe + Y – Y* - σ
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Suppose that σ is 1 in one-third of the cases, -1 in one-third of the cases and 0 in 
one-third of  the cases.  The equilibrium aggregate supply curve moves to these 3 
positions.
It  is  rational  to  expect  no  shock.  Thus,  the  rational  expectation  is  given  by  the 
intersection between the EAS0 curve and the central bank’s reaction line. The vertical 
distance is also the inflation bias of the new moderately conservative banker. The 
SAS curves in the case of a positive or negative shock also reflect the bias and will 
be on a higher level than the original SAS curves. In the graph they are labeled
 SAS’.

To compare the performances of the two central banks. We have to look at the graph 
and the six vital points again. The three cases:

- No shock occurs, the ultra-conservative chooses A, the other A’. A is slightly 
better than A’.

- A negative shock occurs, B and B’ are chosen. B’ is much better than B.
- A positive shock occurs, C and C’ are chosen. C’ is much better than C.

The combined result is that the less independent central  bank is preferred to the 
independent central bank.

Disinflation costs are the costs that come with the restriction of inflation. These costs 
depend  on  two  factors:  the  speed  at  which  inflation  expectations  are  reduced 
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(downward shift of the SAS curve) and the flexibility of nominal wages (slope of the 
SAS curve). Now, suppose the central bank announces that in plans to halve money 
growth in the next period. What happens in the next period because of the shift in the 
SAS curve, can be the following:

- If the labour market doesn’t believe the disinflation announcement, the SAS 
stays in its position and the economy moves to the point where the new DAD 
and the SAS intersect. In this case, the income loss per achieved reduction in 
inflation is high.

- If  the  labour market  does  believe the  disinflation  announcement,  the  SAS 
shifts down to the right. The inflation falls to the new target rate at no cost. 
Inflation is reduced with zero costs.

- If the labour market assigns some credibility to the disinflation announcement, 
for example it attributes a probability of 50% for the policy change to happen, 
the new SAS is positioned between the two extreme cases. The income loss is 
lower than in the first case and higher than in the second.

Now, take a look at the influence of the slope of the SAS curve. Again the goal of the 
government is to halve the money growth,  but  now they don’t  announce it. What 
happens in the  next  period  because of  the  slope  in  the SAS curve,  can  be the 
following:

- If wage growth is perfectly flexible (vertical SAS curve), the inflation target is 
achieved immediately at zero costs.

- If  wage growth  is a little less flexible (little bit more flat SAS curve),  more 
income is lost and the inflation reduction is less. In this case, the income loss 
per achieved reduction in inflation is higher.

- If wage growth responds slowly to labour market disequilibria, hence, the SAS 
curve is rather flat, only a small part of the hoped-for reduction of inflation is 
achieved. In this case, the income loss per achieved reduction in inflation is 
very high.

So,  the  government  goals  can  be  achieved  at  no  cost  in  two  cases:  if  the 
announcement prior to the action is credible if the labour market is perfectly flexible. 
To measure the disinflation costs, the price of one percentage point less inflation in 
terms of potential income forgone, we use the sacrifice ratio:

income losses as a percentage of income / percentage points inflation reduction

The inflation can be brought back with two approaches; both have the same sacrifice 
ratio:

- The big-leap approach, in one giant step the inflation is brought back. With this 
scenario the income drops a lot, there’s a deep recession.

- The gradualist approach, follows a series of small steps. The income slowly 
drops but in total the same as with the first approach.

The cost of inflation
The main cost of unanticipated inflation is that it redistributes wealth from creditors to 
debtors. With increasing inflation it becomes attractive to loan. With steady inflation, 
we have the  shoe-leather costs because people must go to the bank more often, 
because  the  real  value  of  the  nominal  money  is  decreasing.  Menu  costs (the 
rewriting of price lists, etc) are also costs that comes with steady inflation. Both these 
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costs of steady inflation are relatively low. More distorting effects have the influences 
on taxes. If income taxes are not proportional, higher inflation gives rise to higher real 
taxes even though real income may not have changed.
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14. Deficits and debts

The government budget
If taxes are lower than expenditures, the government faces a budget deficit:
Deficit = G + iB – T

Primary deficit ignores government interest spending on the public debt:
Primary deficit = G – T

The financing of a deficit can be done in two ways: 
- Issuing government bonds to the public
- Create money

Debt financing
Public debt is the net amount that the government owes to the domestic and foreign 
private sector.

The budget constraint for a central bank that does not finance the deficits by issuing 
money is:
T + ∆B = G + iB
Where ∆B is the budget deficit, or the change in public debt. If we let the debt be 
constant (∆B = 0), we get T – G = iB. In words: if the primary budget pays for interest 
payments on the debt, the debt remains unchanged.

Dividing both sides of the budget constraint gives:
∆B / Y + t = g + ib
Where b≡B/Y, g≡G/Y and t≡T/Y

Note that: 
- ∆B / Y is the budget deficit as a share of income, the deficit ratio
- ∆(B/Y) = ∆b is the change of the public debt as a fraction of income, the debt 

ratio.

For small changes of b and Y we can see (because B ≡ bY):
∆B = ∆bY + ∆Yb

Dividing both sides by Y gives:
∆B / Y = ∆b + yb
Where y ≡ ∆Y /Y, the growth rate of income. Substituting this function in the new 
budget constraint gives:
∆b = g – t + (r-y)b
So the change of the debt ratio is now given in a formula of the debt ratio itself. If we 
look at the steady state equilibrium (∆b = 0) and solve for b we get:
b* = (g – t) / (y – r) 
We have high growth when r < y, low growth r > y; a primary deficit when g > t and a 
primary surplus when g < t.
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A phase line is a line with slope equal to r – y and a vertical intercept equal to the 
primary deficit g – t, thus the equation ∆b = g – t + (r-y)b.
There are now four cases, and thus four different phase lines:

1. g > t, r < y. Thus a primary deficit and real income growth exceeds the real 
interest  rate.  Negatively sloped line with positive intercept.  No matter  what 
debt ratio b we start, as long as the primary deficit is given, we end up with a 
ratio of b* in the long run.

2. g  <  t,  r  <  y.  A  primary  budget  surplus.  The  government  is  a  creditor  in 
equilibrium. Because y is higher than r this equilibrium is still stable.

3. g > t, r > y. In this case the government runs a primary deficit. Now income 
growth falls short of the real interest rate. The government must be a creditor. 
The equilibrium is fragile, any small changes trigger endogenous processes 
that make the debt ratio explode in any direction.

4. g < t, r > y. This equilibrium is not stable. Equilibrium requires the government 
to be in debt.

The deficit ratio is ∆B / Y = g – t + ib. This is a positive line, which we can place in the 
same diagram as the phase line. The intercept with the vertical axis is given by the 
primary deficit, the slope is alway positive. If y > 0 or i > r the deficit ratio line is 
steeper than the phase line. The equilibrium deficit ratio can be seen by measuring 
the vertical distance between the deficit ratio and the phase line at the equilibrium 
debt.

Money financing
With money financing of the deficit the general budget constraint is:
T + ∆B + ∆M = G + iB
Where M is central bank money.

To allow for price changes all variables are nominal and now need to be expressed 
relative to nominal income PY:
∆B / PY + ∆M / PY + t = g + ib

After rearranging and letting b ≡ B / (PY), we get a formula for ∆B / PY:
∆B / PY = ∆b + (π+y)b
If we let m ≡ M / (PY) and μ is the money growth, we get a formula for ∆M / PY:
∆M / PY = (∆M / M) * M / (PY) = μm

Substituting these last two equations and noting r ≡ i – π, gives:
∆b = g – t – μm – (y-r)b

What we  see now is that  the slope of  the phase line depends on  the difference 
between income growth and the real interest rate. The position of the line depends 
on the primary deficit and the amount of money financing relative to income. The 
government’s  revenue  because  of  the  money  creation  is  known  as  seignorage.

The problem of having a deficit is that it must be financed by credit from the private 
sector. That means it will lead to lower private savings, which are then not available 
for capital formation anymore. This reduces the capital stock the country has in the 
steady state and thus reduces potential income. 

Wist je dat je als JoHo lid veel gratis samenvattingen kunt downloaden voor alle grote studies? 
Log in via JoHo.nl



Summary Macroeconomics, part 2 (based on 3th edition) 

Repeated budget deficits are bad for income, but this is not true in all cases:
- If the governments finances investment projects,  budget deficits today may 

even be good for future income levels.
- If private savings where very high, a government budget deficit raises present 

and future consumption.
- If the Ricardian equivalence theorem applied in strict form, then budget deficits 

would not impact on capital formation and steady-state income. 

Strucural budget deficits lead to the payment of interest of future generations, that 
part of their income will then not be available for consumption or capital formation. If 
the deficits where due to investment spending, the returns for the future generations 
can be high.
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15. Unemployment

Unemployment and growth are closely related. To see this we start with a linearized 
production function:
Y = aL

Unemployment can be defined by the labour force N minus employment, U ≡ N – L. 
The production function becomes: Y = aN – aU, multiplying and dividing this by N 
gives:
Y = aN – aNU/N = aN – aNu

Where u ≡ U/N, the unemployment rate. For the equilibrium holds:
Y* = aN – aNu*

If we let a’ ≡ aN and substract the Y = aN – aNu equation from the last one, we get:
Y – Y* = a’(u* - u)
This equation is known as Okun’s law. It states that if the income is not at its potential 
level this is because, and proportional to, the difference between the actual and the 
natural unemployment rate. Recall:

SAS curve: π = πe + λ(Y-Y*)
If we substitute this into Okun’s law and let λ’ = a’λ we get the Philips curve:

π = πe + λ’(u* - u)
So there’s a negative relationship between unemployment and the inflation level.

The Philips curve is a mirror of the familiar SAS curve. Unexpected inflation drives 
income beyond equilibrium and the unemployment rate below equilibrium. A second 
version of  Okun’s law states  that  income  growth  is negatively  related to  the  the 
change in the rate of unemployment:

∆Y / Y-1 = b - â∆u

Equilibrium and cyclical unemployment
Cyclical  unemployment can  take  of  itself.  The  government  can  speed  up  the 
adjustment process with the help of its instruments. Equilibrium unemployment is the 
unemployment in equilibrium, reflecting the characteristics of the labour market and 
the country’s economy. It’s important to know how must of the current unemployment 
can be attributed by cyclical factors.

One concept to identify equilibrium unemployment is with the Beveridge curve. This 
is a negatively sloped line. It depicts an inverse relationship between the vacancy 
rate and the unemployment rate. If there’s a recession the equilibrium point moves 
down the line.
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Rising unemployment factors
We now look at the variables that are potential causes for rising unemployment.

Minimum wages
Less than a half of current EU member states have a minimum wage. The minimum 
wage as percentage of the average monthly wages is declining in most countries. 
Spain has the lowest relative minimum wage and the most downward trend, but it still 
has the highest unemployment rate in Europe.

The tax wedge
According to a regression analyses from major EU countries: as taxes rise from 20% 
to 50% the unemployment rate doubles from 6% to 12%. This explanation only holds 
for the voluntary employment.

Trade unions
The percentage of the labour force that is in a union has been found to explain a part 
of differences in unemployment rates between countries. But it’s no explanation of 
why unemployment rose in Europe during the last two decades.

Efficiency wages
Part of the labour force remains unemployment if firms are paying higher wages than 
really needed. This fact is hard to test in reality.

The price of oil
Theory states that when real oil prices raise the labour demand curve shifts down 
and unemployment rises. This is only a temporary effect. But in reality the oil price 
shocks  were temporary, so the unemployment level should also return to previous 
rates.  Why didn’t  the unemployment fell  back when oil  prices moved to their old 
levels?

When OPEC drives up the price of oil, firms realize that the marginal product of oil is 
now below its cost. They will use less oil until its marginal product equals the price 
again.  The  marginal  productivity  of  labour  will  also  fall  back,  hence,  the  labour 
demand curve shifts downward and employment drops. With less employment, the 
oil demand demand curve moves further down, again the use of oil reduces, and so 
on. In Europe the oil price increase lead to a persistent unemployment increase. In 
the USA the effect was only temporary.

Persistence is  when  a  rise  in  unemployment  may  also  drag  equilibrium 
unemployment up, and thus may not be reserved even after the initial cause for rising 
unemployment has disappeared. In the DAD-SAS model this can have three causes:

- Trade union monopoly and insider power
- Adjustment costs of firms (employment changes brings costs)
- Accumulation of work-specific skills takes time (skills of unemployed workers 

fall behind)

Hysteris  is the extreme form of persistence. With hysteris temporary shocks affect 
income permanently.
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Many  economics  favour  the  two-handed  approach  to  handle  European 
unemployment:

- Restructuring  the  labour  market  and  reforming  the  welfare  state.  Like 
increasing  flexibility  of  working  time,  wages and  employment  conditions  to 
reflect  supply  and  demand.  Flexibility  lowers  unemployment  and  reduces 
persistence.

- Stimulating  demand.  With persistence,  expanding  demand  is  a  very  good 
option to reduce the high unemployment rates.
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