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Business Cycle Facts

Business cycles do not exhibit a simple, regular, cyclical pattern. Both amplitude and duration of cycles are irregular.

Fluctuations in output are distributed unevenly over its components.

Inventory investment is a very small fraction of total output, but it accounts for 1/3 of the shortfall in output in recessions. Investment in general is has high amplitude and is procyclical.

Over rather long periods, output tends to be slightly above its trend path; over rather short  periods, output tends to be sharply below its trend path.

Fluctuations before the Great Depression and after WWII are similar in character.

Cycles of the magnitude experienced in the Great Depression in the U.S. are unparalleled in the remainder of the historical record.

Some evidence on co-movements. In a recession:

Employment falls.

Unemployment rises.

Length of average workweek falls.

Declines in employment and hours are small relative to the decline in output (so measured productivity falls).

There is disagreement about the behavior of inflation over the business cycle.

The real wage falls slightly.

Nominal interest rates and the real money supply fall in recessions.

Theories of Fluctuations

We have already studied Keynesian, New Classical, and New Keynesian Models of Fluctuations. 

Oddly, these models do not seem to depart directly from the neoclassical growth model (in which individuals maximize utility over long time horizons, firms maximize profits, markets are competitive, and market imperfections are absent).

We will now study real business cycle models, which do take neoclassical growth theory as a point of departure.

How will the Ramsey model be modified?

We must have random shocks hit the economy (or else we will approach a balanced growth path). We will emphasize real shocks: shifts to technology (hence real business cycle models).

We must also permit labor supply to be endogenous (to reflect the fact that labor is procyclical).

Although real shocks may not turn out to provide the best explanation of business cycles, we should certainly consider the possibility that they do (before assuming market imperfections, incomplete nominal adjustment, etc.).

A Baseline RBC Model

Assumptions

Time is discrete.

There are many identical price-taking firms and many identical price-taking households.

Households are infinitely lived.

Inputs into production are capital and labor.

The production function is Cobb-Douglas:
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(4.1)

Output is divided into consumption (C), investment (I), and government purchases (G). Note that C is defined differently than it was in Romer Chapter 2. It is now aggregate consumption (earlier it was consumption per member of the household).

Fraction 
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 of capital depreciates each period. Thus capital evolves according to:
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(4.2)

Government purchases are financed with lump-sum taxes (and Ricardian equivalence holds).


Labor and capital are paid their marginal products, so:
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(4.3)

and 
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(4.4)

A representative household maximizes the expected value of :
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(4.5)

Here, 
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Population grows exogeously at rate 
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(4.6)

We will assume the following functional form for the utility function:
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(4.7)

Finally, we need to describe processes for two “shock” variables, G and A:
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The 
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 terms are independently distributed white noise disturbances.

Romer04b

Skip from bottom of p. 154 through top of p. 156.

Begin at Romer p. 156 on “Household Optimization under Uncertainty”

Household Optimization under Uncertainty

In our model, a household does not have information about future rates of return or future wages. At any point in time, an individual makes optimal decisions given information currently available.

We follow Romer’s informal approach to derive first order conditions for our optimization problem.

Consumption

Consider a household in period t. Suppose that the household reduces consumption per member by a small amount
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 and uses the added wealth to increase consumption per member in period 
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. Optimality requires that such a change leave expected utility unchanged. Recall the utility function described earlier in equations (4.5) and (4.7):
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(4.5)
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(4.7)

In the equation above, c is defined by 
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From these equations, we find that the marginal utility of 
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The utility cost of a small discrete change 
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The total consumption given up by the household  in period t is 
[image: image42.wmf](

)

H

N

c

t

/

D

. This permits an increase in total consumption for the household next period of  
[image: image43.wmf](

)

(

)

1

1

/

+

+

D

t

t

r

H

N

c


. The added consumption per member next period is then 
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From (4.5) The marginal utility of in consumption per member  in period 
[image: image45.wmf]1

+

t

 is:


[image: image46.wmf](

)

(

)

(

)

1

1

1

1

/

1

/

/

+

+

+

-

+

=

¶

¶

t

t

t

t

c

H

N

e

c

U

r

.

So, the expected utility gain of the added consumption per member is:
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Equating the marginal gains and losses from this shift of
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(4.22)

or, since 
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(4.23)

This is analogous to the Euler equation in the Ramsey model.

Equation (4.23)  can again be rewritten, using the formula for the expected value of a product:
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(4.24)

Labor Supply

Each household must also make a labor supply decision in each period.

Optimality will require that the marginal utility of working (to gain additional consumption) be equal to the marginal utility from leisure. Equivalently, a “small” increase in labor supplied should leave utility unchanged.

Again recall the utility function:
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(4.5)
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(4.7)

The marginal disutility of working is given by:
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and the loss associated with a small increase 
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By working more, one gains additional income and consumption. The added consumption per worker is given by 
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Equating the marginal utility gain with the marginal utility loss yields:
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(4.25)

or
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(4.26)

Equations (4.23) and (4.26) are the key equations of the model.

Skip to section 4.6

Romer04c.doc

Start on Romer p. 164

Solving the Model

The RBC model we have been developing, like most RBC models, cannot be solved analytically.

We will instead describe the solution to a log-linear approximation of the model.

The Log-Linearized Model

In any period, the state of the economy can be described by level of the inherited capital stock and current values of government spending (G) and technology (A). 

If we log-linearize around around the non-stochastic blanced growth path, solutions for consumption and labor supply must be given by:
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(4.43)

and


[image: image66.wmf]t

LG

t

LA

t

LK

t

G

a

A

a

K

a

L

~

~

~

~

+

+

@









(4.44)

where 
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 represents the difference between the log of X and the log of its balanced growth path level.

To “solve” the model, we must find values for the a’s.

It turns out that the key equations, 4.23 and 4.26 impose restrictions that permit us to identify the a's, hence solve the model.

Intratemporal (Current Consumption vs. Current Leisure) First Order Condition

Recall (4.26):
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(4.26)

Also recall (4.3):
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(4.3)

Substitute (4.3) into (4.26) and take logs:
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(4.45)

The deviation of the actual value of the RHS of this equation from its balanced growth path level is simply 
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On the LHS we will approximate using a first-order Taylor’s series approximation.
 Think of the LHS as a function of 
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Taking the Taylor’s series approximation around the balanced growth path values of 
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Because population is not affected by shocks, 
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 and we can rewrite the ezpression for the LHS of (4.45) as a deviation from its balanced growth path level as:
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Letting asterisks indicated balanced growth path levels:
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Differencing the last two equations and noting that 
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By equating the expressions derived for the LHS and RHS of (4.45) as deviations from balanced growth path values, we have:
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Furthermore, recall that we have conjectured solutions:
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and
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Substituting (4.43) and (4.44) into (4.46) yields:
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Equation (4.470 must hold for all values of 
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The Intertemporal First-Order Condition

Our strategy here will be to use the intermporal first order condition to get three more restrictions on the 
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Recall the intertemporal first -order condition:
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(4.23)

Define the bracketed expression above as 
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Recall our conjectured solution:
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(4.43)

Update this equation to time t+1:
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(4.51)

Recall (4.4), now updated one period:
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(4.4)’

We can substitute (4.4)’ into the definition of 
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Substitute  the conjectured solutions (4.43 and 4.44) for 
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Recall (4.43) and (4.44):
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(4.43)

and


[image: image124.wmf]t

LG

t

LA

t

LK

t

G

a

A

a

K

a

L

~

~

~

~

+

+

@








(4.44)

Substituting updated versions of (4.43) and (4.44) would give 
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To get rid of the endogenous 
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(4.2)

Use the production function to eliminate 
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(4.52)

Next, we can then get rid of the 
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Finally, use this expression to calculate 
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Finally, recall the intertemporal first order condition, (4.23):
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(4.23)

On each side, we wish to take logs, and then and express as deviations from balanced growth path levels. First substituting 
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On the RHS assume that 
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, where B is a constant. Romer provides assumptions for which this will be true.
 Given this, when we express the RHS as a deviation from the balanced growth path level, we get 
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Equating coefficients on the LHS and RHS of the modified (4.23) will provide 3 additional restrictions on the 
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’s. We now have 6 linear restrictions (we had three others from the other first order condition) and can solve for the 6 
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’s, giving us an approximate solution to the model. Thereafter we can use our approximate solution to investigate the properties of the model.
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Given our approximate solution for the model, we can calculate 
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. This permits us to calculate paths for the model’s variables following shocks to technology or government spending.

One generally begins by selecting baseline values for the model parameters, solving for the 
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’s in our solution, and then tracing the impacts of shocks. Romer selects plausible parameter values based on empirical evidence.

Technology Shock

Let 
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. Then consider the impact of a positive 1% shock to technology. The qualitative effects of the shock are:

Capital gradually accumulates and then returns to normal:

The marginal product of capital is higher because of the shock.

Higher output and a desire to spread out consumption leads to more saving (and investment) initially.

Eventually the shock dissipates, and we must return to the balanced growth path.

Labor supply jumps, then gradually falls, goes below the balanced growth path, and then returns to the balanced growth path:

High marginal product of capital (hence interest rate) and high marginal product of labor both induce high current labor supply after the shock (the interest rate works via an intertemporal substitution effect). 

As the shock dissipates, we are left with an above balanced growth path capital stock (i.e. higher wealth than on the balanced growth path). 

As the capital stock is permitted to return to normal, we enjoy both more consumption and leisure (relative to the balance growth path), hence below path labor supply. 

Output increases in the period of the shock, then returns gradually to the balanced growth path.

The shock and intertemporal work effort effects both lead to an initial increase in output. 

The effect persists because of the persistence of the original shock and the accumulation of capital in the initial periods (higher consumption is spread over a long horizon).

Consumption rises more slowly than output, then gradually returns to normal:

This reflects the consumption smoothing motive.

The wage rises and then gradually returns to normal:

The shock directly increases the marginal product of labor and then dissipates. 

Capital accumulation also contributes to the rising marginal product of labor initially.

The interest rate immediately rises, then gradually falls below the balanced growth path level, before returning to it:

Initially, the shock increases the marginal product of capital. When the shock begins to dissipate and labor supplied is reduced, the capital stock is high relative to the amount of effective labor, and the marginal product of capital is low. As the capital stock returns to its balanced growth path level, so does the marginal product of capital (and the interest rate).

A Less Persistent Technology Shock

If the 
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 parameter is smaller, technology shocks are less persistent. This implies that wealth effects of the shocks will be smaller, and substitution effects larger. We have shorter, sharper output fluctuations (the period of the shock is now an especially good time to work, but consumption will not be affected greatly). In contrast, if 
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, technology shocks are permanent; and the output burst is initially smaller but sustained.

Changes in Government Spending

Other things equal, a positive government spending shock reduces output available for other uses. Output is scarce in the period of the shock. The desire to maintain consumption (spread out the effects of the shock) leads to capital decumulation and a rise in the interest rate. The increase in the interest rate induces more work effort in the initial periods of the shock. The wealth effect also induces higher work effort and lower consumption (i.e., lower wealth reduces both consumption and leisure). The wage declines at the time of the shock (with more labor working, the marginal product is lower).

� If I save today, my return comes via the marginal product of capital next period,which must equal the interest rate over that period, which is denoted � EMBED Equation.3  ���.


� For � EMBED Equation.3  ���, 





� EMBED Equation.3  ���


or





� EMBED Equation.3  ���


� For more on this see Lindgren, Statistical Theory, p. 176.
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