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Background

Policy makers anxious to fight the current recession.

Perception: because interest rates are low, traditional
monetary policy can’t do much more.

— Must turn to fiscal policy.

How much can we hope to get from fiscal policy?

— Empirical data tends to be ambiguous because
* movements in G tend to be accompanied by other shocks.

e a priori considerations suggest effects of G depends on state of
economy.

— Approach taken here: investigate what the equilibrium
models which fit the data well have to say.



Findings

e What is the size of the fiscal multiplier?

— Some prominent economists argue (without support)
that the multiplier is near zero.

— We will see that a standard equilibrium model implies:

* in ‘normal times’ multiplier may be bigger than unity, but
depends on the nature of monetary policy.

e When lower bound on nominal interest rate is binding,
multiplier may be quite large.



Outline

e Fiscal multiplier in normal times.

e Fiscal multiplier when non-negativity
constraint on nominal rate of interest is
binding.



Derivation of Model Equilibrium Conditions

Households
— First order conditions

Firms:
— final goods and intermediate goods
— marginal cost of intermediate good firms

Aggregate resources
Monetary policy

Three linearized equilibrium conditions:
— Intertemporal, Pricing, Monetary policy

Results



M Odel King-Plosser-Rebelo (KPR)

preferences.

* Household preferences anﬂé)nstraints:
» [Ny 7] 71
EO Zt:() ﬁt|: 1-6 + V(Gt)

P.C,+By1 < W:N,+ (1 +R;)B; + T, T, ~lump sum taxes and profits

e Optimality conditions

marginal benefit tomorrow from saving more today

A

N
extra goods tomorrow from saving more today

marginal cost of giving up one unit of consumption to save —
Ut = Et ﬁuc,t+1
1+mm ’

marginal cost (in units of goods) of labor effort ~ marginal benefit of labor effort
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—UN,¢ _ W;}

uc,t Pt




Linearized Intertemporal Equation

e Inter-temporal Euler equation
1+Rs1
Et[uc,t — ﬁuc,t+1 :| =0

14741

* In zero inflation no growth steady state:
1=p1+R)
e Totally differentiate:
ditey — [B(L+ R)dug a1 + BucdR o1 — Buc(L+ R)dr 1] = 0
— Log-differentiation:
uclics — B(L+ R)uc| tieper + 2dRia —dra | = 0
— Finally:
ey — [Ueprs + PdRi1 —dmi] = 0



Linearized intertemporal , cnt’d

* Repeat:
Uer — [Uegr1 + PARiy1 —drii1] = 0

C’A-N)r -1 1-6)-1 (1
, _ Le 116 ] S ey, = pCTYO Y - N AnE-0)

ey = [y(1—0) - 1]C, - ELENR,




Firms

e Final, homogeneous good
Vo= (v di) ™, > 1
f = (-“O t(l) l , € >
— Efficiency condition:

PO)_P(Ym>g

e i-th intermediate good
Yt(i) — Nt(i)

— Optimize price with probability 1-8, otherwise

Pt(i) — Pt—l(i)



Intermediate Good Firm Marginal Cost

e Marginal cost:

subsidy to undo effects of monopoly power =(e—1)/e

dCOStt ——
MC _ dWor kert — Wt (1_V)
t o dOMlprt MPL,I
dWorker,
household first order condition
u
_ . _ —UN,; .
— Wt(l V) — Pt Uet (1 V)
e Real marginal cost
In steady state
_ MC, . Uy —— -1
Sf — Pt o Uct (1 o V) - €
marginal cost to household of providing one more unit of labor i steady state marginal benefit of one extra unit of labor
U Nf ) e T

Uet



Aggregate Resources

e Resource relation:
Ct + Gt = ptNt

— P{ is ‘Tak Yun’ distortion
— recall, distortion = 1 to first order:

Yt — Nt
* Log-linear expansion:
(1-g)Ci+gG, =71, g = 53

e Consumption:

Ct: t_liG

1—g



Simplifying Marginal Utility of C

in steady state
—UN¢ —— 1 N 1_7/ . Y

Uct o 1-N C

ey = [y(1—0) - 1]C, - ELEDNR,




Simplify Intertemporal Equation

e Intertemporal Euler equation:

Uer — [tepr1 + PARi1 —dri1] = 0
e Substitute out marginal utility of
consumption:

1 vy e 1 vy g
1 g t T Tth_ [_TgYHl + TgGHl +,3th+1 _dﬂ't+1:| =0

 Rearranging:

f]t —ng — YHI —gém — (1 _g)(ﬁdRHl — dﬂ'Hl)




Phillips Curve

e Equilibrium condition associated with price
setting just like before:

;= P +KSy,

= L=0)L=p0)

e Marginal cost:

ana A
fS'\t — J/(17—/Nz)t — Ct—(l—Nt) — Ct‘l‘ %Nl‘

(CmtV7£Gu NimT)
g g




Monetary Policy

e Monetary policy rule (after linearization)

dR.1 = prdR;+ (1 - ,UR)|: gbﬁ T ik + q;; Yz+z}

th+1 =Ry1—R, R = -1

1
p




Pulling All the Equations Together

* |S equation:

—ng — YHI —gém — (1 _g)(ﬁdRHl — dﬂ'Hl)

e Phillips curve:
T = ,B?'L'Hl -I-K'|:<— + —)Yt — —G :|

 Monetary policy rule:

dR;1 = prdR, + (1 - PR)I:¢_/317Tt+k + ¢_ﬁ2Yt+l:|



The Equations in Matrix Form

1 A
_Tg -1 0 Yin
0 5 0 i1
(L= pr)f kA=pr) 0 |\ dRic
) 1 0 5 1, _
g Y, 00 O
() -1 0 T 00 O
A-DA-pr)F A-HA-pe)f -1 |\ R /| 00 pr
gly(o—1)+1] _ gly(c-1)+1]
1-g 1-g
+ O Gt+1+ —leg Gt,
0 0

or,

A0zl + 001z + A2z, 1 + PoS1 + P1s, = 0.

s = Psi 1+ &4, StEGt,P:P




Solution:

e Undetermined coefficients, A and B:

Zt — AZt_]_ ‘|‘BS¢

A and B must satisfy:

OCoA2+O£1A+O£2 =0
OCo(AB-I—BP) +OllB+,BoP+ﬁ1 = 0.

e When pzr=0, a,=0->4=0works.



Results

e Fiscal spending multiplier small, but can easily
be bigger than unity (i.e., Crises in response
to G shock)

e Contrasts with standard results in which
multiplier is less than unity

— Typical preferences in estimated models:
0 clo N
Eg tho ﬁt[ﬁ —yg v(Gt)] v,y,0 > 0.

— Marginal utility of Cindependent of N for CGG
— Martinal utility of C increases in N for KPR.




Simulation Results

e Benchmark parameter values:

k=0.035 B =0.99 ¢ = 1.5 ¢, =0, N=0.23, g=0.2,6=2, p=0.8, pp =0
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Multiplier for Alternative Parameter Values

(])1 =1.5, (1)2 =0, Pr = 0, p =0.8, « =0.03,
B =099, y=0.28571, N=0.33333,g=0.2, oc=2
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e Results: multiplier bigger
— the less monetary policy allows R to rise.
— the smoother people want consumption to be.
— the smaller the negative income effect on consumption.
— smaller values of k (i.e., more sticky prices)



Analysis of Case when the Non-
negativity Constraint on the
Nominal Interest Rate is Binding



Intuition

Why can’t nominal interest rate be negative?

Lending would be zero.
Desired borrowing would be infinite.

The ‘zero bound melt-down scenario’:

Suppose the nominal rate of interest is zero (i.e., it cannot go lower)
For some reason, people cut back on spending.

Reduced spending creates reduced expected inflation, raising real rate
of interest.

Motive to cut back on spending is reinforced, raising real rate of
interest even more.

Downward spiral could be arrested by an increase in government
spending

Scenario emerges naturally in New Keynesian models
‘Paradox of Thrift’



Consequence of Increase in Saving When there is Lower Bound on

Real
Rate,
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bound
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1+R
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Consequence of Increase in Saving When there is Lower Bound on
Real Interest Rate

Real Investment
Rate
Saving
——
Lower
bound

Loan market cannot be cleared by a reduction in real interest rate. Equilibrium must
be achieved by some other mechanism. In New Keynesian model, equilibrium
restored by a fall in income, which causes a reduction in desired saving. Same as in
textbook "Paradox of Thrift’ discussion.




Figure 1. Consequence of Increase in Saving When there is Lower
Bound on Real Interest Rate, For Two Investment Elasticities

Real
Rate
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bound
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Turning to the formal analysis....

* Need a shock that puts us into the lower
bound.

e Natural (not exclusive) candidate: increased
desire to save.

e Saving is influenced by discount rate.



Monetary Policy

e Definition of monetary policy, to take into
account the possibility that lower bound is
binding.

* Let
Zt — % —1+deRt+(1—pR)|:¢—ﬁl7Tt+ ¢—ﬁ2Yt:|

e Monetary policy:

(

Z, ifZ >0
0 Z <0

.

R, = <




Eggertsson-Woodford Model of a
Saving Shock

e Preferences:

u(Co, No, Go) + rlrlEO{u(Cl,Nl, G1) + -u(C2,N2,G1) + 41— 7~ u(C3,N3, G3).. }

e Before t<0

— System was in non—stochastic, zero inflation steady

state,
ry =1 = 1, for all ¢

ﬁ

Rt:V a”t
Gt:O, a”t



Saving Shock, cnt’d

e At time t=0,
ri=r<0

1=1-p

Problri1 = rllr, = r'] = p

Problriy1 =rlr; =7

Problriy1 =rilri=7r] =0

e “Discount rate drops in t=0 and is expected to
return to its ‘normal’ level with constant
probability, 1-p. When it returns to normal, it
is expected to stay there.”



Equations that Characterize Equil

e Conjecture (later verified)
— Equilibrium characterized by

e 7/,Y'+0,R =0,Z' <0 aslong as discount rate is low

e 7,Y,=0,R=vr as soon as discount rate returns to normal

 Equations that must be satisfied, for the
candidate equilibrium to be an actual
equilibrium.....



Must Modify IS Equation

 Household inter-temporal Euler equation

1+Rt+1
1+mm

Uer = ﬂt+lEtuc,t+l

/\/\

ljlc,t = [))t+1 T ﬁc,t-l—l +1+R—1+mm1

= ,Bt+1 T T/Alc,t+1 T ﬁdRHl — dﬂ't+1

e Result:

a N — d 1 — dr 1

IB 1 = 1 _ M (1+r)2 " _ B%dr,.q _ —ﬂdl” .
I+ 1+rt+l ﬁ ﬁ ﬁ I+

e Then:

note: =dR,, 1—drs 1

A

Uer = Uep1 + B (Rip1 —7i1) —dmes




Fiscal Policy

e Government spending is set to a constant

deviation from steady state, during the zero
bound.

e Thatis,

G, may be nonzero while 7,1 = 7!, G, = Owhen r,q = r



Equations With Discount Shock

* |S equation:
—gly(o-1)+11G, = -1 - Q[BRu1 - r111) = Eimria] + E Y1 — gly(0 = 1) + 11E,Gria

N N

'—gly(c-1)+1]1G' = (1 -)[BO~7") - pr'] + pY' — gly(c — 1) + 1]pG

e Phillips curve:

n, = BE, t+1+1<[ —+1i Y;——Gt]

- /
w' = fpr' (g + )V - LG
e Monetary Policy:

Z: =R+ pr(R;—R) + (1—pR)[ﬂm+ ﬂﬁ}

5 5

Z, IfZ, >0

Rt+1 = . ]
0 iIfZ, <0

7! = R+pR(0—R)+(l—pR)|:%TCZ+ %Yl} <0



Solving for the Zero Bound Allocations

* |s equation:

V' —gly(c-1)+1]G' = -1 - @)[BO - ') —pr'] + p¥' — gly(c - 1) + 11pG

e Phillips curve:

I _ / 1 . N \yi_ & Al
' = Ppr +K<1_g+1_N>Y kG

e Two equations in two unknowns!

— Solve for Y',x! and verify that Zz/ <0



Solution

e Inflation:

A7 1— 3
z K(é+ﬁ) | elr(o-1)+11G"+ 12 & ¢

= 1 N l-g —
1-fp-x ( g 1N )p 1p

e Output:

Y = gly(c - 1)+ 1]G' + g[ﬂrl + prr']



Numerical Simulations

benchmark parameter values: q)l =1.5, ¢2 =0, Pr = 0, p=0.8,
k =0.03, p=0.99, y=0.28571, N =0.33333,9g=0.2,k=0,1=0,
Ghat=0,sig=2,p=08,r'=-0.01
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e Results: multiplier 3.7 at benchmark parameter values
and may be gigantic
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Zl

benchmark parameter values: (|>l = 1.5, (1)2 =0, Pr = 0, p=0.8, «k =0.03,
B =0.99, y=0.28571, N=0.33333,g=0.2,
k=0,1=0,Ghat=0,sig=2,p=0.8,r '=-0.01
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benchmark parameter values: ¢1 = 1.5, <|)2 =0, PR = 0, p=0.8, «k =0.03,
B =0.99, y=0.28571, N=0.33333,g=0.2,
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Fiscal Expansion in Zero Bound Highly
Effective, But is it Desirable?

Preferences
o0 V(1 — NN~ l-o 1
ZWY[ (C) @Ky ”(GI)J
t=0

- [[(Cl)y(l_Nl)ly]l_c_l+v(GZ>J

1-pp l1-0

A A y A _ 1—6_
= 1_1p'B ([N(Yl+l)—Ng(Gl—I-li]_(;—N(Yl—l-l))l 7/) 1 +v(Ng(Gl+1))

Compute optimal ¢
— (i) w(G@") =0,

.. l-o ] ;
— (ii) vG) = t/fgl(;_—g, v ¢ chosen to rationalize g = 0.2 as

optimal in steady state



Case Where Gov’t Spending is Desirable

phil = 1.5, phi2 =0, rhoR =0, rho = 0.8, kap = 0.03, bet = 0.99
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Results When G is Desirable

e Exercise G stimulus to the point where output is
higher than in the non-zero bound steady state.

e Consumption is still a little low in this case,
because the higher G in effect taxes away output.

 The higher G raises welfare because it helps to
undo the inefficiency of the lower bound, and G
is valued.



Case Where G is not Valued
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Results when G is not Valued

e |t is still optimal to apply a stimulus during the
lower bound.

e However, it is not optimal to put output at its
non-zero bound steady state.



Introducing Investment
 Important to check robustness to investment

 Could greatly reduce the likelihood of zero
bound shock (as real rate falls with rise in
saving, investment expands to absorb rise in
saving).

e Simulations that follow provide preliminary
evidence that results are in fact robust to
introduction of investment.



Impact of Adjustment Costs on
Likelihood of Binding Zero bound

Anticipated
real rate of
interest

Lower bound
on real rate
when inflation
expectations
slow to rise

Demand for
funds when
investment is

elastic

Demand for funds when investment
adjustment costs are infinite

—

Supply of funds

T~

Not
binding

binding

Funds borrowed and lent
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Model with Investment

* Preferences same as before:

0 [CT(1-N)¥ 7101
tho 'Bt[ 1o +v(G:) }

e Capital accumulation

Kui = (1— 8K, + [1—— L _5)° ]

e Resources:
Yt — C1+Gt‘|‘]¢

Y = piKEN"



The household Lagrangian problem is:

© i . 1-y11-0 _
EoZﬂt{|: G- 1 -2 +v(G[):|
=0

l-0

+lt[Bt(1+Rt) + VI/[N[‘FPJ{CK;‘*‘ T[—P[(Ct+€_wt[[) —BH_]_]
2
+‘ut|:(l —5)Kt + |:1 — %(11(,—2 —5) i|]t —Kt+1i|},

Uer = APy

2
v =l o -0)i 1% (% o)

,Ltt ﬁ‘ )Vt+1 +1 f‘:.] ‘Ltt+ (l 5 G{(_It 11_ — 5)( f:—l ) ) \

lt = ﬂlHl(l + Rt+1)



Note that

_ dutility
He= th+1
AP, = dutility
dc;
so that
dutility
M1 — dK 1 _ dct _p.,
APy dutility dK .1 k't
dcy

The first order condition for K,,; can be rewritten

He PriAm |: k He ( ( I )( I >2>i|
= + —=———11-0+ = 5 || == ,
P b PA;, | Pl N\ K K

or,

Pl 7 12
o # rn(-svo (s -4) (')}

Ue i+l ] ] 2
omst nnosalls (Y]

or,



Calibration of Adjustment Cost

* Price of capital in competitive market =
marginal cost:

Py

W ) k()

e Elasticity of investment to price, in steady

Pk’,t —

state: dlogé—i 1
leng’,t - 6 10°
~ 1 Indata

5oy = 5—12 — 2 500.



Experiment

e Discount rate drops in periods 1 to 10, and
switches to steady state starting in period 11.

 Deterministic, to simplify calculations.



Monetary Policy
Zt = %—1+PRth+(1—PR)|:¢—ﬁ17Tt+¢—ﬁZYt:|

P Z, Z;>0 ‘zero bound not binding’
e 0 Z, <0 ‘binding zero bound’



Model Equations In t When Zero-
Bound Not Binding

* Period t endogenous variables:

2= ( dN, dn, dKix dRe1 dl, dZ, )/

St = ( dr., G, )
e System outside of lower bound:

QoZp1 + 0012, + 02z 1 + PoSs1 + P1s, = 0,
 Bottom equation corresponds to R.1 = Z; :

— bottom row of ao, a2, Bo, f1 composed of zeros.
— bottom row of ay:

(00010—1)



System When Zero Bound is Binding

e |n this case,

i, =~(-1)

 The difference equation has to be modified to
accommodate the Change System when lower bound is binding

A0Zp1 + Q12 + 02z 1 + di+ PoSe1 + P15 = 0,

AozZp1 + 012 + 02z 1 +d; + PoSu1 + P15, =0

System when lower bound is non-binding



Search over initial z(0)

Posit first and last dates when zero bound is
binding.

Simulate the system to some last date.

Shoot until the last and second-to-last dates are
consistent with policy rule.



discount rate (APR) -0.5, beta = 0.99, delta = 0.02, Ghatl = 0.03, alpha = 0.36,
gam = 0.23, n, =0.206 =2, 0=0.75, sigl = 2500, phil = 1.5, phi2 =0, rhoR =0,

tlst=1,t2st=7
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Conclusion

 Government spending multiplier can be bigger
than unity in ‘normal times’, though the
multiplier is not very large.

 Multiplier can be enormous when the zero bound
Is binding. It is welfare improving at that time to
apply fiscal stimulus.

* Further explorations: introduction of capital,
open economy.





