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Business Cycles
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B Business cycles: joint movements of economic activity at medium frequency

B How do we extract medium frequency from the data?




Linear Trend

Log Real GDP
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B One option is to detrend using a linear trend

B One may argue this is not very sensible




Baxter-King Bandpass Filter

There are various ways to isolate medium-frequency movements
We will focus on Baxter-King bandpass filter (because we are at BU!)
Statistical procedure to distinguish medium- and low-frequency movements

Popular alternative: Hodrick-Prescott filter




Trend using Baxter-King Filter
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Use Baxter-King filter to extract low-frequency (more than 8 years) components




Business Cyclical Components of GDP
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m Baxter-King filter to extract medium-frequency movements (1.5-8 years)
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Hours Worked
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1980

Unemployment Rate
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Log Government Expenditure
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In Search of Unified Explanation

One is led by the facts to conclude that, with respect to the qualitative
behavior of comovements among series, business cycles are all alike.

1o theoretically inclined economists, this conclusion should be attractive
and challenging, for it suggests the possibility of a unified explanation of
business cycles.

— Robert Lucas (1977)
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Goal

Search for a theory that explains

1. Positive comovements between Y, C, I, L

2. std(logI) > std(log Y) ~ std(log C) ~ std(log L)
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Methodology

B We will build a model of the macroeconomy that endogeneizes

1. labor supply
2. consumption
3. investment

m At this point, we already have all the tools. We learned theories of

1. labor supply
2. consumption
3. investment

B Now we put everything together in one model!
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Real Business Cycle
with Two-Periods

eory




Setup

B Two-periods, 1t = 0,1

B The economy is populated by

1. a continuum of identical households: consume, save, & supply labor
2. a continuum of identical firms: hire labor & invest
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Households

Households earn labor income and profits income (households own firms)

We assume labor supply at = 1 is exogenous (simplification)

Households have the following preferences

u(Co) — v(ly) + pu(C,)

The budget constraints are
CO + o = Wolo + DO

Cl — (1 +r)a0+wll1 +D1

Given (r, wy, w;), households choose {C,, Cy, [y, ay} to maximize (1) s.t. (2)-(3)
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Firms

B The firms solve the same problem as in the previous lecture note

1
max D, + D,
LoI,.K,,L, 1 +r

subject to

D, = F((Ky, L)) —wiL,

18



Market Clearing Conditions

Unlike before, now all prices, (r, w,, w;) are endogenous
How are they pinned down? demand = supply

Market clearing conditions:

C, = Fi(Ky, Ly)
lo = Ly
l =L,

When all prices are endogenous, we call it as “general equilibrium mode

III
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Equilibrium Definition

1. Given {r,wy, w; }, households optimally choose {C,, Cy, [y, [;, ay}
2. Given {r,wy, w,}, firms optimally choose {1,, L, L, K}

3. Markets clear
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Functional Form Assumptions

B We will impose the following familiar functional form assumptions

l—0

C) =
u(C) l —0o
ll+v

V() =V
1l +v

F(K,L)=AK*L!'™®

2
(I, K) =§ (é) K
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Characterizing Equilibrium




Optimality Conditions

The housheolds’ optimal choice of labor supply imlies

The households’ optimal consumption-saving decision implies

= JU ___ —O0
le — WOCO

C,°=pl+nrC;°

The firm’s optimal labor demand:

w, = (1 — a)A KL

The firm’'s optimal investment:

I+ p—
¢Ko

1

a—17 1—a
aKl L1
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Simplifying

Impose [, = L, and substitute (6) into (4) to obtain

PLI = (1 — a)AKIC;?

Solve (7) for 1 + r and substitute it into (5) to obtain

aA, K¢ LI

Cyo = f

C;°

(8)

()

Recall the goods market clearing conditions and the evolution of capital stock are

2
Gorlor By,
2 K,
Yy = AgKSLy @
C,=AK*L ™
K, = (1= 8)K,+1,
1Co, Cyi, 1y, Ly, Ky, Y} solve (8)-(13)

. e . N— X

dh =2 0O

(
(
(
(
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Four Equations with Four Unknowns (C,, /,, Y, L)
Plugging (12) & (13) into (?) gives a relationship btwn C, & [, which we write as éo(lo):

CO_G = /[ (Al [Ko(l —0) + IO]aLll_a)_G (13)

Eqg. (8) is giving a relationship between ¢, and L,

VLI = (1 — @)AKIC,° (8)
Use (13) to rewrite (10), which gives a relationszhip between Y, and I
A ¢ 1
Coll) +1+——=Y, 14
()( ()) 0 2 KO 0 ( )

Eqg.(11) gives a relationship between Y, and L;:
Yy, = AgKIL, ™ (11)
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Euler Equation

Consumption, C,

(4, [Ko(1 = )+ 1] “ 20~

=Cy(1,)

Investment, [

m Eq.(13) defines an increasing relationship between C, and I,

e |f firms invest more, future consumption will be higher
e Consumption smoothing implies today’s consumption will be also higher
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Labor Supply

Consumption, C,

VL™ = (1 — )A K Cy°

Labor, L,

m Eq.(8) defines a decreasing relationship between C, and L,

* As households consume more, marginal utility of consumption declines
e This discourages households to work (income effect)
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Market Clearing
GDP, ¥,

; ¢ Iy
Colly) + Iy + ——= =Y,
O(O) 0 ZKO 0

Investment, [

m Eq.(14) defines an increasing relationship between Y, and [,

e More investment leads to higher consumption today
* In order to sustain higher consumption and investment, output needs to be higher
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Production Function

on Yo = AgK§LL ™

Employment, L,

m Eq.(11) defines an increasing relationship between Y, and L,

e More employment leads to more production
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Co

Graphical Solution

Production Function YO Market Clearing

Labor Supply CO Euler Equation
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Graphical Solution
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Graphical Solution
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Labor Supply : CO Euler Equation
[
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Graphical Solution
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Graphical Solution

Production Function YO Market Clearing

Euler Equation

i
Labor Supply C()
i
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Graphical Solution

Production Function YO Market Clearing

Euler Equation
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Graphical Solution
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Graphical Solution

Production Function YO Market Clearing

Labor Supply
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Graphical Solution

Production Function YO Market Clearing
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Graphical Solution

Production Function YO Market Clearing
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[
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Graphical Solution
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Graphical Solution

Production Function YO Market Clearing

I °
' Labor Supply CO Euler Equation
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Graphical Solution

Production Function YO Market Clearing

Euler Equation

i
' Labor Supply C()
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Graphical Solution

Production Function YO Market Clearing

[
1 Euler Equation

i
' Labor Supply C()
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Graphical Solution

Production Function YO Market Clearing

[
1 Euler Equation

i
' Labor Supply C()
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What Drives Business Cycles?




Exercise

B We consider various “shocks” to our economy

 Shocks: exogenous changes in some aspects of the economy

B We then study how (C,, I, Ly, ¥;) endogenously respond to the shocks

B Ask: do the endogenous responses look like business cycles?
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Shocks

B What shocks should we study?

B Let us explore various possibilities

1.

o s Wb

Changes in productivity today, A,
Changes in productivity in the future, A,
Changes in households’ discount factor, f
Changes in firms’ desire to invest, ¢

Changes in households’ incentive to work, v

36



Increase in A,

Production Function YO Market Clearing

— Y()
Labor Supply CO Euler Equation
] a+U . A —0
VL™ = (1 = a)Apky ¢ -
aA, |[Ky(1=8)+1,| L{™® .
e O(1+¢)10+/Koo] (41 (Kot =0+ 1"} )

ly

37



Increase in A,

Production Function YO Market Clearing

Euler Equation

B 1 —1/o
aA, [Ky(1 = 8)+ 1] LI

— . X rl-a
G, = |p ST (Al [Ko(1 = 6) + 1| “ L. )

ly
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Increase in A,

Production Function YO
=" ="

g LO

|

' | Labor Supply C()

Market Clearing

Euler Equation
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Increase in A,

Production Function YO
=" ="
L \ -
LO
Labor Supply C()

Market Clearing

Euler Equation
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Changes in Today’s Productivity

B An increase in Ag increases GDP, consumption, and investment

B The impact of hours worked is generally ambiguous

B What is the mechanism?

1. Anincrease in Ay = increases w, and Dy = Households are wealthier
2. Households increase consumption both at time 0 and 1 (consumption smoothing)

In order to increase consumption at 7 = 1, households need to save: Y — C go up

In order Y — Ctogoup, I mustgoup because Y —C =1+

s W

Because w increases, substitution effect increases labor supply

6. Because (wy, D) increase, income effect decreases labor supply

B Aslong asois nottoo large, we can show that 5 dominates 6

= hours worked increases
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Real Business Cycle

m Therefore, an increase in A, produces something that looks like business cycles!

e Booms are the time when productivity is high
* Recessions are the time when productivity is low

B This is called the Real Business Cycle model

e Kydland and Prescott won Nobel Prize for developing this in 2004
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Optimism and Pessimism

B \What about other shocks?

m What if we shock future productivity A;?

e Booms are the time when people expect future to be bright (optimistic)
* Recessions are the time when people are pessimistic
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Increase in A,

Production Function YO Market Clearing
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Increase in A, when c> 1

Production Function Market Clearing

Labor Supply

VL™ = (1 — a)A K5C°

B 1 —1/o
aA, [Ky(1 = 8)+ 1] LI

C. = (A K(l=8)+1 “Ll-a)
,' 0= |/ 1 + ¢l,/K, 1 (Kol =)+ 1| L,

ly
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Increase in A, when c> 1

Y() Production Function O Market Clearing
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Increase in A, when o<1

Production Function O Market Clearing

Labor Supply C()
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Production Function

Labor Supply

O

Increase in A, when c=1

Market Clearing

Euler Equation
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Can Optimism Generate Business Cycles?

An increase in A, increases D, and investment and thereby r
e If ris higher, households would like to save more through substitution effect

e |f(r,D,) are higher, would like to consume more today through income effect

When ¢ > 1, the latter dominates and (C, increases
e Then L, decreases through income effect, and Y, goes down

e As aresult, [, =Y, — (C,decreases as well.

When ¢ < 1, the former dominates and C, decreases
e Then L, increases through income effect, and Y, goes up

e As aresult, [y =Y,— (,increases

When o = 1, two effects cancel and nothing happens

Does this look like a business cycle? — No.
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Changes in Discount Factor

B How about changes in (7

e Booms are the times when households would like to consume more today
* Recessions are the times when households would like to consume less today
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Increase in /

Production Function YO Market Clearing
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YO Production Function

Increase in /

=7 A+
VLO

Labor Supply

= (1 — @A KIC,"

Market Clearing
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1 + ¢pl,/K,
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Increase in

Production Function YO

Labor Supply C()

Market Clearing
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Postponing Consumption

B Anincrease in ff decreases (

e This increases L, through income effect

* |[nvestmentincreases because [, =Y, — C,

m Does this look like a business cycle? — No.
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Investment Shock

B Let now us consider the shock to investment cost, ¢

e Booms are the time when firms find it easy to invest
 Recessions are the time when firms find it difficult to invest
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Increase in ¢

Production Function YO Market Clearing
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Increase in ¢

YO Production Function Market Clearing

Labor Supply
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Increase in ¢
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Investment Shock

B Anincrease in ¢ decreases I,

e Since Cy =Y, — I, — D, consumption increases

e [, decreases through income effect, and Y|, also decreases

m Does this look like a business cycle? — No.
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Labor Disutility Shock

B What about changes in v? Literal interpretation:

e Booms are the times when households want to or can work more
* Recessions are the times when households do not or cannot work enough
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Increase in v

Production Function YO Market Clearing
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Increase in v

YO Production Function YO Market Clearing

Euler Equation
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Increase in v

Production Function YO

Labor Supply C()

Market Clearing

Euler Equation
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Labor Disutility Shock

B Anincrease in vV decreases L, which decreases the output, Y,

 Then r needs to rise to lower Cy & I, and clear the market

m Does this look like a business cycle? — Yes.
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Real Business Cycle
with Infinite Horizon




Quantiative Model

B We now extend the previous model to conduct quantitative analaysis

B We will assume the time horizon is infinite, t = 0,..., co

B Can our model replicate business cycles quantitatively?
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subject to

B Firms solve

subject to

Households and Firms

B Households solve

00 Cl o lt1+1/
max : — v
(C.la) Z'B l -0 1 +v

=0

C+a=_0+r_pa_,+wl+ D,

— 1
max Z — D,
UpKi1,DpLy ) =0 HS_ (1 + l”')

ay 1—a ¢ (1L ’
thAKt Lt _WtLt_It_E(Z) Kt

K. =(0-06K+1

72



Equilibrium Definition

Equilibrium consists of {C,,[,,I,,L,,K,. ;} and {w,, r,} such that
1. Given {w,, r,}, households optimally choose {C,, [, a,}
2. Given {w,r,}, firms optimally choose {/, K, |, L,}

3. Markets clear

C.+L+D(,K)=F(K,L,)
[ =L,
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B~ W DN

Equilibrium Conditions: {C,,L,/[.K,. {,q,w,T,}

. Euler equation: u'(C,) = p +r)u'(C,. )
. Labor supply: wu'(C,) = v'(L,)
. Labor demand: orke L) _
oL, J
. Investment: % _ % [qt - 1]

Ly

g, = 1 OF  ((Liy1s Koy ) - Ly - ﬂ ( e )2 + ( - T (1 - 5)) 1
¢ 1 0K, K 2 \ K Kt +1

. Capital stock evolution:

K. =(0-08K+1

. Goods market clearing:

C+1+®UI,K)=F(K,L)
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Procedure

We set the parameter values to reasonable values (“calibration”)

We then compute the steady state, where all the variables are constant over time

Next, we simulate the model in response to a sudden shock

The shock process is assumed to be AR(1). For example, in the case of productivity,
(log A, —logA) = p(log A,_; —log A) + €

with p € [0,1) and € ~ N(0,67)
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Parameterization

One period is a quarter
Set a = 1/3 to match labor share

Set 6 = 1 to be consistent with (roughly) constant hours worked in the long-run

e This implies a permanent change in A does not change L

Set f = 0.96* to match 4% interest rate
Set v =1 to be (upper-end of) micro-level labor supply elasticity estimates
Set o = 5% to match K/Y =~ 3.5

Set ¢ = 10 (match estimates of Zwick-Mahon (2017))

We assume all shocks have the same persistence of p = 0.9

76



% deviation from SS

% deviation from SS

Impulse Response to Productivity Shock

Y

1.00

0.75

0.50

0.25

0.00

1.5

1.0

0.5

0.0

A

op)
2 1.00
©  0.75
S
-
S 050
+~
S
% 0.25
2 o
NN
0.00
10 20 30 40
Quarters
N
92012
S 0.10
S
= 0.08
-
QS 0.06
+~
S 0.04
>
= 0.02
(&)
X 0.00
10 20 30 40
Quarters

o 0.8
7p
= 0.6
S
-
o 04
+~
S
502
g
B

0.0

10 20 30 40
Quarters

P
ig 0.4
O
& 0.3
-
o
= 0.2
8
z
L o1
B

0.0

10 20 30 40
Quarters

C

Quarters

K

Quarters

77



0.8
0.4

0.6
0.2
0.0

GS WIOIJ UOT)RIADD O,

ivity Shock

Y

GS WO UOTYRIADD U

Future Product

news )

A(

1.00
0.75
0.50
0.25
0.00

GS WIOIJ UOT)RIASD 0,

0 40

3

20

10

40

30

20

10

30 40

20

10

7p)
—
D)
+
—
=
-
C
o o o o o n_u
mm EO& QOE@T\V@U &
7p)
—
S
SRR
=
c
o L0 o o)
— o o o
o o o n_u
mm EO& QOE@TP@.@ ANV
7p)
—
S
~Ba
=
c

1.5
1.0
0.0

0.5

GS WOIJ UOT)RIAID 9,

40

30

20

10

40

30

20

10

40

30

20

10

Quarters

Quarters

Quarters

78



ience Shock
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Correlation

corr(AY,AC)

corr(AY,Al)

corr(AY,AL)

0.65 0.99 -0.91 -0.80 0.99
0.81 0.99 0.97 0.93 0.99
0.66 0.99 0.96 0.91 0.99
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Volatility

std(AC)/std(AY)

std(Al)/std(AY)

std(Ah)/std(AY)

0.30 0.75 2.1 2.1 0.75
4.9 1.53 9.1 13.3 1.5
0.98 0.12 1.52 1.5 1.5
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Takeaway

m Two shocks are fairly successful in accounting for business cycles

1. Productivity shock
2. Labor disutility shock

B The former is what Kydland & Prescott (1982) argued for

B Why? — because A, is directly measurable as Solow residual:

logA, =logY, — (alogK, + (1 — a)log L)
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TFP in the Data

Log TFP
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Source: Fernald (2014)
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Detrended Log TFP
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TFP in the Data and in the Model

Data Model

corr(AY,AA) 0.30 0.99 0 0 0

std(AA)/std(AY) 0.58 0.92 0 0 0
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Cheap Criticisms of the RBC

1. Not plausible (most common and non-scientific criticism)

e Changesin A, due to technological progress is plausible
e But this should be lower frequency than business cycles

 Technological regress does not make sense

2. TFP is endogenous (unconstructive criticism)

e Changesin A, cannot be treated as exogenous “shock”

e Changesin A, could be a result of innovation or misallocation

Both of the above criticisms apply to labor disutility shocks as well
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Deeper Critisms of the RBC Model

Data Model
% p ),
std(AC)/std(AY) 0.80 0.75 2.1 2.1 0.75
std(Al)/std(AY) 4.9 1.53 9.1 13.3 1.5
std(Ah)/std(AY) 0.98% 0.12 1.52 1.5 1.5

3. The model generates too little volatility in L

e This is a valid point. RBC mechanism lacks forces to generate volatile L

e This led many researchers to focus on shocks that look like v shocks
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Deeper Critisms of the RBC Model

4. The model fails to replicate the behavior of prices, (r, w), in the data
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Deeper Critisms of the RBC Model

5. Once we measure TFP accurately, the correlation between TFP and GDP is weak:

e Suppose that
F(K, L) = At(”th)aLtl_a
u,: capital utilization rate.

e Many factories or machines are not utilized in recessions

e Correct measure of TFP is

logA, =logY, — (a(logu+log K, + (1 — a)log L))
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Where We Are

Did macroeconomists find a unified explanation of business cycles? — Perhaps not
Most economists do not accept RBC as the final answer

But RBC is an extremely useful benchmark model

Ironically, all the attempts to criticize RBC are still based on RBC

So in the end, what drives business cycles? Some recently suggested alternatives:

e Risk/Uncertainty
e Financial frictions
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