Intuition for the RBC

Jennifer La’O*

As we have seen so far, the basic Real Business Cycle (RBC) model is the Neoclassical Growth
model with stochastic TFP and endogenous labor supply. In this lecture we take a closer look at
the intratemporal and intertemporal (Euler) conditions in order to gain some intuition for how
the RBC generates fluctuations in endogenous variables.

1 The Intratemporal Condition

Recall that the household’s intratemporal optimality condition is given by:

- = wy(sh), Vi, 5.

That is, the household sets its marginal rate of substitution between consumption and labor
equal to the real wage, i.e. the price ratio between consumption and labor.
Next, recall that the firm’s FOCs are given by:

re(s') = 2(s")Fr(s') and wy(s') = 2z(s")Fr(s!), Vt, s (1)

The firm’s optimality conditions are such that prices are equal to their respective marginal prod-
ucts. Combining this with the household’s intratemporal condition, we get:

wy(s') = 2(s") Fr(s?), vt, st

In equilibrium, the marginal rate of substitution between consumption and labor is equal to its
marginal rate of transformation, i.e. the marginal product of labor.
1.1 Wealth vs. Substitution Effects

Let’s first examine the household’s side of this equation.

Us(s")
Uc(st)

= wy(sh), vt, 5.
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This equation determines the household’s optimal tradeoff between consumption and labor.
Let’s consider a partial equilibrium analysis for the change in the price ratio.
Assume utility is additively-separable in consumption and labor:

Ul(e,€) = u(c) — ¢(0) )

where u, v are both continuous, twice-differentiable functions. We assume «(-) is increasing and
concave, v’ > 0 and u” < 0, and that the function ¢(-) is increasing and convex:

¢ >0 and ¢">0

With additively separable utility, the household’s condition can be written as
= wy(s?), vst € St

Suppose for a moment we hold the term «/(c(s')) constant. What is the effect of an increase in
the worker’s wage? Because ¢ is increasing and convex, we know that ¢’ is an increasing function
of /. Thus, an increase in the wage should increase labor supply. This is the substitution effect.

But in addition to the substitution effect there is also an income or wealth effect which
works in the opposite direction. The wage bump increases the household’s income. Because
the household now feels richer, it would like to consume both more consumption (goods) and
more leisure. That is, it would like to work less! This is because leisure a normal good.

The wealth effect can be seen in the u'(c(s')) term. This is the marginal utility of consumption
of the household, and by the envelope theorem it is also the marginal utility of wealth:

(') = Ua(sh) =/ (c(sY)).

Therefore, the income (or wealth) effect of an increase in the wage works in the opposite direc-
tion of the substitution effect.

1.2 Homothetic Preferences and Cobb-Douglas Technology

We now consider the full general equilibrium. We impose some functional form assumptions;
in particular we assume homothetic preferences. Let

cl= plte
d ) = .

3)
for v > 0 and ¢ > 0. This implies
u' (c)=c7 and ¢ (0) = (-
Let us also impose Cobb-Douglas Production
F(K,L)= K°L'™™
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Thus

K

Fr(K,L) = a <IL(> T and Fi(K,L) = (1—a) <L)a.

With homothetic preferences and Cobb-Douglas technology, the equilibrium intratemporal
condition is given by:
Lt<3t)€ Kt(stfl) «
EalASava—, - —_— 4
Cr(s)— (1—a)z(s) L) 4)
Again for a moment let’s hold the wealth effect C;(s!)~" term constant. Consider an increase
in productivity. We can see immediately from the right hand side of equation (4) that an increase
in z leads to an increase in the marginal product of labor. This increases the firm’'s demand for
labor. As a result, for any L employed by the firm, the firm is willing to pay a higher wage. From
the left hand side of equation (4), an increase in the wage leads to an increase in the labor supply
of the household (holding fixed the wealth effect).
In fact, we can rewrite (4) as follows:
Ly(s")* t t—1\a
W = (1 — a)Z(S )Kt(s )
From here it is clear that an increase in productivity should lead to an increase in equilibrium
labor. Holding the denominator C;(s*)~7 constant, an increase in z(s;) leads to an increase in
the marginal product of labor and hence to a higher level of equilibrium labor, L;(s!). One can
write this in logs as:

1 _
log Ly(s") = —— [log 2(s:) + alog Ky(s'™1)] + - -

Therefore, the sensitivity of equilibrium labor to productivity shocks depends on the parameters

1
€+«

Why? First, the parameter ¢ determines the curvature of the household’s disutility of labor. We
call 1/e the Frisch elasticity of labor supply. 1f the household’s disutility of labor is very convex,
i.e. eis high, then the household’s labor supply is very inelastic. In this case its labor supply won't
respond much to a wage increase. On the other hand if the household’s disutility of labor is close
to linear, i.e. € is low/close to zero, then the household’s labor supply is very elastic. In this case
its labor supply will respond a lot to an increase in the wage.

The parameter o works in basically the same way but on the firm’s side. Recall that the labor
share of outputis 1 —«. If « is high (close to 1), then there is a lot of diminishing marginal product
of labor. Hence an increase in productivity may not move the firm’s demand for labor so much.
If, on the other hand if « is very low/close to 0, then the firm’s technology is almost linear in
labor. In this case an increase in productivity would greatly increase the firm’s demand for labor.

Finally, note that capital here is isomorphic to productivity. If you enter the period with more
capital (which is basically exogenous at that point), it is as if you have greater productivity (for
any given z), i.e. capital increases the marginal product of labor. In fact, one could have rede-



fined effective productivity as 2(s*) = z(s!)K;(s'~!)* and all of the same intuition given above
would hold, in particular:

log L;(s') = [log 2(s")] + - -

€+ «

1.3 The Wealth (or Income) Effect

Now consider the wealth (or income) effect embedded in the C;(s!) ™" term. As already explained
above, this has an opposite effect on labor supply.

Clearly the wealth (or income) effect is governed by the parameter ~. If you are using homo-
thetic utility as in (3), to ensure that the wealth effect is small, you would need to set a low . But
this is only when ~ parameterizes the wealth (income) effect alone. In most cases it parameter-
izes other things: risk aversion and the elasticity of intertemporal substitution. In those cases
you may want a different value for ~. In other words, one needs to be careful in understanding
what certain parameters do in the model.

Finally, if one wants to kill the wealth effect completely, you can use what are known as
Greenwood, Hercowitz and Huffman (1988), or GHH, preferences;. These are given by

Ul(e,€) = u(c = ¢(0))

so that utility is not additively separable in consumption and labor. As a result of these prefer-
ences, the intratemporal condition looks like the following:

u' ()¢ (Li(s"))

_tht, ,St.
ae) oWl v

which reduces to
¢ (l(s") = wi(sh), Vi, s

Hence you kill the income effect completely and are left with only the substitution effect on
household labor. It’s a bit of an extreme way of getting it, but it’s good to be able to recognize
these tricks.

Why kill the wealth effect? For macroeconomists it appears that in the macro data the sub-
stitution effect outweighs the wealth effect: labor (worker-hours) is procyclical, i.e. labor goes
up in booms and falls in recessions.

2 The Intertemporal Condition

We now consider the household’s intertemporal, or Euler, condition. Recall that the household’s
intertemporal condition (FOC with respect to capital) is given by

Uc(s") = BE [Uc(StH) (1 + 7 (st — 5) |st} , Vst € St



Combining this condition with the firm’s optimality condition for capital (1), we get:
Ud(s') = BE [UC(8t+1) (14 2(s¢41)Fr(s't) = 6) |s'], Vst € S
That is, in equilibrium the marginal rate of substitution between consumption today and con-
sumption tomorrow is equal to the marginal rate of transformation (in expectation).
2.1 Steady-state consumption

To gain some intuition, let us first consider the case of no uncertainty. Consider again the case
in which utility is additively separable in consumption in labor (2).
In this case we may write the Euler equation as follows

U/<Ct) = B(l + Tt41 — (S)UI(CH_l), Vit

Note that if
5(1+Tt+1_5) :17 \V/t,

then «/(Cy) = v/(Ci+1), which implies that
Cy = Ciq1, V.

We call this a flat consumption path: consumption is not growing. This occurs when the dis-
count rate is equal to the interest rate (rental rate minus depreciation):

—1=r—-94

|~

p

where p is what is called the discount rate (as opposed to the discount factor ).
If the household discounts at the same rate as the interest rate, consumption is equal across
all periods. We can think of this as the steady state of the model.

2.2 An “unexpected shock” to productivity

Suppose we are in steady state, so that (1 +r;4; —0) = 1 and
Cy = Ciya, vt.

Starting from the steady-state with no uncertainty, we allow for what is called an “MIT” shock.
Suppose there is an unexpected, persistent, positive shock to productivity at time ¢. What
happens to the intertemporal condition? First consider the rental rate on capital next period,
given by:
e (stJrl) — Z(St+1)FK(St+1)

Because the shock is persistent, the marginal product of capital is higher than originally ex-



pected. Thus
ﬁ(l + i1 — 5) > 1.

The Euler equation implies
U/(Ct) > U/(Ct+1)

and because U is a concave function, this implies that
Cy < Cia

Therefore, the household’s consumption path is increasing. A positive, persistent productivity
shock means that the future marginal product of capital is higher which translates into a higher
rental rate on capital, i.e. a higher return on capital. A greater return on capital incentivizes the
household to invest more in physical capital, which is why we should expect the consumption
path to grow.

Consider now the opposite MIT shock: an unexpected, persistent, negative shock to produc-
tivity at time ¢. What happens to the intertemporal condition? In this case the marginal product
of capital is lower than originally expected. As a result,

Bl +ri —6) <1,

The Euler equation implies
u'(Cy) < (Crpa)

and because u is a concave function, this further implies that
Cy > Cia

Therefore, the household’s consumption path is decreasing. A negative, persistent productivity
shock means that the future marginal product of capital is lower which translates into a lower
return on capital. A lower return on capital incentivizes the household to invest less in physical
capital, which is why we should expect the consumption path to fall.

Therefore, whether an individual’s consumption increases or decreases over time depends
on the interest rate. All else equal, a higher interest rate encourages greater savings and invest-
ment. How much the household saves (invests) depends on how high the interest rate is relative
to the discount rate, p.

2.3 The Elasticity of Intertemporal Substitution

Let’s now again assume that utility is separable in consumption in labor (2) and that preferences
are homothetic (3). Let = 1/~; thus the flow utility from consumption can be written as:

c1-1/0

1-1/6

u(c) =



where 6 is the elasticity of intertemporal substitution (EIS). In this case our Euler equation may
be written as follows
~1/6 ~1/6
Ct = ,8(1 + Tt+1 — 5)Ct+1 5 Vt,

or alternatively

1/6
<Ct+1> =L+ 141 —06), VL.
Cq

We can rewrite this as

(Cé,H) = [B(1+ 71 —0))?, V. 5)
t

Finally, taking logs of both sides we get:
log Ciq1 — log Cy = Olog{B(1 + 1141 — 0)} (6)

If 3(1 + 1 — 6) = 1, then the right hand side is equal to zero, and the household equalizes
consumption over periods no matter what his or her utility function is.

Now suppose (1 + r¢+1 — d) > 1. Then as we showed previously, consumption will increase
over time: log Cy4+1 — log Cy > 0. One can think of log C;; — log C; as the percentage change in
consumption. The question we ask now is: how sensitive is this change in consumption with
respect to changes in the interest rate?

The answer to this question depends on the value of §. Think of it this way. The household
faces a trade-off: a higher interest rate encourages savings and therefore encourages consump-
tion growth. On the other hand, the household would like consumption to be smooth over time,
so it may prefer to not save so much in order to have a flatter consumption path. What deter-
mines the sensitivity of the change in consumption to the interest rate is the EIS 6.

If the elasticity of intertemporal substitution 6 is high, then the percentage change in con-
sumption, log C;+1 — log C}, is very responsive to movements in (1 + r11 — ¢). In this case,
the household does not have a very strong consumption smoothing motive—utility is almost
linear—and hence it would like to take major advantage of a high interest rate. Thus, the house-
hold would save a lot in this period in order to consume more in the future.

If on the other hand the elasticity of intertemporal substitution 6 is very low (close to zero),
then the utility function has a lot of curvature—the household is inelastic in terms of intertem-
poral substitution. In this case the percentage change in consumption, log C; 1 — log C}, is not
very responsive to changes in 3(1+r;+1 —9). The household has a high consumption smoothing
motive: more curvature in the utility function implies the household would prefer to have a flat
consumption path. A higher return on capital would thus have a substantially smaller effect in
encouraging the household to depart from a flat consumption path.

We may rewrite (6) as follows

log Cyy1 — log Gy = 0{log(1 + req1 — 6) — log(1/B)} = 0{log(1 + re41 — &) — log(1 + p)}



If 411 — § and p are small, we obtain the following approximation
logCyy1 —log Cy =~ 0{r411 — 6 — p}

Therefore consumption is growing if and only if ;11 — § — p > 0. The elasticity of intertemporal
substitution with respect to a change in the interest rateis 6 = 1/+.

3 Summary

Hopefully this lecture provides a better understanding and intuition for how the endogenous
variables in our models should move in response to TFP shocks. Although I explained the intu-
ition using unexpected “MIT” shocks, the intuition is the same even in the full model in which
agents have Rational Expectations, i.e. they understand the underlying shock structure of the
economy and expect shocks to occur.

The main idea is that a positive shock to TFP at time ¢ leads to an increase in both the
marginal product of labor and the marginal product of capital. On impact, labor endogenously
increases as long as substitution effects are sufficiently strong. Capital on impact is not affected
because it is taken as given once you enter the period. Thus current output should go up because
both z; and L; increase.

If the increase in z; is persistent, then it also increases the marginal product of capital in
following periods. This induces the household to save more today, therefore invest more today,
which implies greater capital in the following periods. As a result, the marginal product of labor
in the next period would be higher not only due to the increase in productivity but also due to
the greater capital stock. (Recall that the effects of TFP and capital on labor are isomorphic.) As
aresult, labor and output would increase the next period as well, and so on.
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