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Ricardian Equivalence Theorem

Holding current and future government spending constant, a change in
current taxes with an equal and opposite change in the present value of
future taxes leaves the equilibrium interest rate and the consumptions of
individuals unchanged

@ This theorem suggests that under certain conditions the timing of
taxes does not matter
@ What matters is the present value of tax liabilities

o Key: consumers realize that a tax break today is not free:taxes
tomorrow will be higher, so they save the tax break
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Optimal taxation of capital and labor-Household

The household problem: Let preferences be given by:

Z 5tU(Ct, ”t)
t=0

The budget constraint of the household is:

Z pelct + k1] = Z pe[(1 — 71) wene + ke Ric ]
t=0 t=0

The gross after tax return on capital has the form

Rkt =1+ (1 — Tkt)(vt — 6) for all t > 0
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Optimal taxation of capital and labor-Firm

The firm's problem is:

l;ﬂaXAtF(kt, nt) — ktUt — Wehy
t,Nt

Feasibility is given by:

gt + ¢t + key1 = AcF(ke, ne) + (1 — ) ke

The government budget constraint is given by:

o o
Z pt8t = Z pe[Tieweny + Treke(vr — 0)]
t=0 t=0
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Optimal taxation of capital and labor

Definition: A competitive equilibrium with taxes where the government
finances the purchases g; is an allocation ¢, ny, ki1 a price system
Pt, Wi, Ry , and taxes Ty, Ty such that:

Q c:, nt, key1 is feasible for gy and initial condition kg

Q c:, nt, kyy1 maximizes the household utility given prices, ps, wt, Ryt |
taxes Ty, Tkt , and initial condition initial condition kg ,

@ firms maximize profits given prices w;, v; ,

Q the government budget constraint holds.
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Optimal taxation of capital and labor-FOC

FOC
The first order conditions for the household problem, using A, for the
multiplier on the household budget constraint is:

Ct - BtUct = Anpt
ne . 5tUnt = /\hPtWt(l - Tlt)

key1 @ [—pt + pe+1Rke+1]An =0
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Optimal taxation of capital and labor

for all t > 0. These equations imply

_Unt
= we(l —
Ut t( Tlt)
BUctr1 _ pra 1
Uct Pt 14+

1+ rip1 = Rieyr

The firms order conditions for the firm problem are:

ne . Aan(kta nt) — Wy = 0

kt . AtFk(kt, nt) — VUt = 0
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Implementability

We now summarize what type of allocation constitute an equilibrium with
taxes that finances the exogenous stream of government purchases.

> " B Uectce + Unene] = UcoKoRy,
t=0

@ rewrite the budget constraint of households, by grouping the terms on
key1 as:

Z Pt 1 - 7'/t tht Z peke Rie — Z Ptkit1

@ use the FOC in the household problem W|th respect to ki1

o0 o

p
E pe (¢t — (1 — 7 )went) = pokoRiko + E Pry1ker1[Ri i1 — 5 _tF 1]
=0 t=0 t
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Implementability

(1) use the FOC for the household with respect to ¢; and replace p; by
B Uet
Ah

Zﬁt[uctct - (1 - Tlt)tht] = poAnko Rio

@ use the FOC for the household with respect to n; and replace
ptw:(1 — 1) by Btum

> B [Uctct + Unene] = pornkoRio
t=0

@ use UCO = A

Zﬁt[uctct + Unent] = UcokoRxo
t=0
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Ramsey Problem

@ The Ramsey problem is to find the policy 7, T« that produce a
competitive equilibrium with taxes with the highest utility for the
agents.

@ In other words,the Ramsey problem is to find the &€ceoptimal" taxes
to finance a given stream of government purchases, subject to the
fact that agents behave competitively for that taxes.

@ Given our characterization of an equilibrium with taxes, the Ramsey
problem can be solved by finding the allocation that maximizes the
utility of the agents subject to feasibility for all £ > 0 and subject to
the implementability constraint.
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Analysis of the Ramsey Problem

Let A be the Lagrange multiplier of the implementability constraint, then
the problem is:

max Z/gt Ct,nt —|—)\[Ct (Ct,nt)+ ntUn(Ct,nt)]

Ct,Ne,Ket1,Tko

—AUC(C(), no)ko (1 + (1 - 7'kO)('L_kO - 5))

subject to 749 < 7} and

8t + ¢ + kt+1 = AtF(kt, nt) + (1 — 5)kt’
for all t > 0 given kg.
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Analysis of the Ramsey Problem

This problem can be written as:

max E BEW (e, ne; A

ct,nt,ker1 7Tk0

—AUc(co, no)Ko (1 + (1 — 7ko)(Fko — 0))

subject to
gt + ¢t + key1 = AcF(ke, ne) + (1 — ) ke

for all t > 0 given kg where

W(c,n; A) = U(c, n) + AcUc(c, n) + nU,(c, n)]
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Analysis of the Ramsey Problem

Writing in this form, the problem is similar to the plannerd<Hls problem for
the neoclassical growth model, except that:

@ the period utility function U(c, n) has been replaced by w(c, n; \)

@ the first term in the discounted utility is different from the other
terms. The function W has the interpretation of the social value of
c,n, since U(c, n) is the private value and A[cU.(c, n) + nU,(c, n)]

are the taxes corresponding to period t allocation, in terms of period
t utils.
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Analysis of the Ramsey Problem

The FOC for this problem are:

/BWC, 1
1= T:F[Fk,t—i—l +(1—4)]
and
- Wnt _
Wct nt

Proposition (Chamley-Judd): No taxation of capital in steady state.
Assume that g; — g and A; — A as t — oc0. In a steady state of the

Ramsey problem corresponding to g, A , there is no taxation of capital, i.e.
Tk=0
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Analysis of the Ramsey Problem

Proof. The foc for the Ramsey problem in a steady state implies:

1 = B[Fke + (1 = 6)]

since
Wc,t = Wc,t+1

The marginal rate of substitution for agent is
1= plFern +(1-9)]

since
Uet = Uc,t41

and hence 7, = 0 QED.
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Analysis of the Ramsey Problem

The marginal rate of substitution between consumption in t and t + T
and the marginal rate is given by

/Bt+T Uct+T
MRS ="
t,t+T ﬁt Uct

The marginal rate of transformation between consumption at t and t+ T ,
given by:

MRTyeir = [(1— 6+ Frest)(1 = 0+ Frega) o (1 — 0+ Freq7)]

MRSer7 _ BT Uctst
MRT, 47 Uet

B T Uct+ T
Uet

][(1—6+Fk’t+1)(1—(5—|— Fk,t+2) A (1_5+Fk,t+T)]

= I+ = 7her1)(Frerr = 0)) oo (L + (L= 7o 7)(Fryen 7 —

(Sharif University of Technology) Ramsey Taxation January 2020 16 / 23



Analysis of the Ramsey Problem

BT Uct+T

=[O+ (0= 7)) (Fiern = 0)) - (U (L= Toeea 7)(Fler 7 =
ct
1_6+Fk,t+1 1_5+Fk,t+7—

X
14+ (1= 7ueq1)(Frer1 —6) 14+ (1= 7o 7)(Fryer7 — 0)

which in equilibrium gives

MRSt v 1 _ 1—0+ Freq1 1—0+ Freqr
MRT: w7 14+ (1= 7he41)(Fre41 — 9) 14+ (1 = 7w,t47)(FresT — 9)

At steady state

Fkt:U

p=(1-7k)(©—9)
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Analysis of the Ramsey Problem

MRSt,t-i—T . (]. +vU— 5) T
(L)
1+p
PTK T

—(1+

(1+p)(1-7k)

a constant positive tax rate on capital implies that the tax wedge between
marginal rate of substitution between consumption between t and t + T
and marginal rate of transformation of consumption between t and t + T
grows exponentially with T . Thus, setting capital taxes to zero avoid this
growing wedge.
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Analysis of the Ramsey Problem

Proposition 2. If preferences are of the form

cl=op®

U(c,n) =

1—0
Then the solution of the Ramsey problem has zero tax rates starting at
t > 2. Proof. Direct computation gives:

Wet = Uet + AM(Uct + ctUcer + neUnct)
U.=cn%
cUse = —0c 0%
nUg, = pc™%n%
Thus the foc of the Ramsey problem gives
PUe.t41
Uc,t

)

5 Wc,t+1
Wet,

for t > 1, which implies that 74 ; = 0 for t > 2.

1= []_ — 0+ Fk,t+1] = [1 — 0+ Fk,t+1]
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Proposition 3. Let preferences be as follows

cl=op®
U -7
(c,n) o
l-0o ©
U(c,n) = ¢ Sy
1-0 1—¢

for o > 0. Then the tax rate on labor 7 is constant from t > 1.
Proof. Consider first the case where the utility function is given as in the
first line. Direct computation gives
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thus
Wer = Ut + )\(Uct + ctUcct — neUper = Uci.‘(1 +A—Xdo— )\(P)

Wit = Upt + M Unt + ctUcnt — ntUppt = Upe(14+ X = Ao+ AN(¢ — 1))
The foc of the Ramsey problem gives

nt

Wct — I'nt
Replacing the expressions for W,; and W,
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Alternative Tax Scheme

~Upt T+A =X+ AMp—1)
Use 1+r—do—Ap "
and hence the optimal labor tax rate solves:

I+ A= X+ Ae—-1)

1+ A= o= p
for t > 1. Therefore 7 is constant.
Following analogous steps when the utility function is as in the second line
we also conclude that the tax rate on labor is constant. QED.
Consider the budget constraint of a household subject to a net income tax
rates and investment tax credits as follows:

]_—7—/1»:

Z pe(ie + ) = Zpt[(ntwt + vrke) — Tt (Newy + veky — i)
t=0 t=0

where the law of motion of capital is

Kt+1 - it + (]. - (5)/(1»
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Alternative Tax Scheme

Using the law of motion of capital we obtain

Zpt([ktﬂ —ke(L=0)|[1 —7¢] + ) = Zpt[(nrwt +veke)(1 = 74)]
t=0 t=0

The terms with k;11 are

kev1[pe (L= 7¢) =pes1 (1= Teg1) (1 = 6 + vega)]
so setting them to zero we obtain

1 -7

]_—Tt (1—6+Ut+1)

1 -+ I’t+l =
Thus, if income tax rates are constant, 7;41 = 7; , we obtain

re+1 +0 = v

which is the same expression that is obtained if net capital income is taxed
at the rate 7:41 = 0. A constant income tax rate together with an
investment tax credit are equivalent to a constant labor income tax and a
zero tax on capital income.
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