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Human Capital and Taxes: A Two Way Interaction

Interplay between HC policies and taxes.

HC policies affect the income distribution - a key input for taxes.

@ Taxes affect return and risk from HC investments.

Calls for joint analysis of optimal taxation and HC policies.

Optimal Taxation (Mirrlees) literature typically assumes exogenous ability

» Mirlees 1971, Saez 2001...
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Questions addressed in this paper

@ How should the tax system take into account HC acquisition?

» Should HC expenses be tax deductible?
» What is the right tax treatment of cost of time?

» What if HC unobservable to the govt?

@ What parameters are important for HC policies, e.g., subsidies?

» What is the lifetime evolution of optimal HC policies?

@ What policy instruments implement the optimum?

» How close can simpler policies come?
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A Model to capture main features of HC acquisition

@ Dynamic lifecycle model of labor supply and HC acquisition.
@ Investment in HC through time (training) or monetary expenses.

@ Heterogeneous and uncertain returns
— Wage depends on endogenous HC and exogenous stochastic ability.

@ Government faces asymmetric info about ability, evolution of ability, and
labor effort.

» 2 cases: HC observable or unobservable to govt. (College vs. OJT?)

» Dynamic mechanism design with incentive compatibility constraints.
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Preview of Findings

o Characterize constrained efficient allocations over life using “wedges.”
» Implementations proposed: Income Contingent Loans and “Deferred
Deductibility” Scheme.
@ Highlight important parameters for optimal policies:

» Crucial how complementary HC is to ability and risk.

» For training time: additional interaction with labor supply.

@ Numerical analysis:

» Full dynamic risk-adjusted deductibility close to optimal.

» Simple age-dependent linear policies achieve bulk of welfare gain.
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Related literature

Human Capital: Becker (1964), Ben-Porath (1967), Heckman (1976), Card
(1995), Heckman and Cunha (2006), Goldin and Katz (2008),
Lochner and Monge-Naranjo (2011).

Optimal Taxation: Mirrlees (1971), Saez (2001), Kocherlakota (2005),
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(1987), Fernandes and Phelan (2000), Doepke and Townsend
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Contribution: Lifecycle investment, money & time, heterogeneous &
uncertain HC returns, unobservable HC stock, wage function.
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Outline

@ Model and Solution Approach
e Human Capital Expenses

© Training Time

@ Unobservable Human Capital

© Implementation
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Outline

@ Model and Solution Approach
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Model: Risky investments in Human Capital
o Wage: w; = w; (04, 5¢, 2¢)

e Ability 0:
stochastic, Markov f* (0;|6;_1), private info, privately uninsurable.

@ Two ways of acquiring HC:

1. Expenses e; at cost My (e;). Stock of HC expenses s; :

St = St—1t+ et

2. Training time /; at disutility cost ¢+ (/¢, it). Accomplished training z; :

zr =2z 1+ 1t

@ Cost composition of College versus OJT?

@ Income: y; = wyly
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Hicksian complementarity

@ Hicksian coefficients of complementarity:

Wps W Wp, W

0s — 0z —
Pos Ws Wy Poz Wz Wy

® pgs > 0 : Marginal wage gain from HC 1 in ability.
@ pps > 1 : Elasticity of wage to HC 1 in ability.

o If separable w = 0+ h(s,z) = pgs = ps, =0
o If multiplicative w = 0h (s, z) = pgs = po, =1
1
o If CES w = [a102Ft + apst Pt + a3z 0] 700 = poo = pg, = p¢
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Model: Preferences over Lifetime Allocations

@ T periods of work, T, periods of retirement.

Per period utility: v (¢) — e (1, iz).

History 0* = {61, ...,0:} € OF, probability P (6%) = f* (0;4+1]6;) ...f (61).

Allocation: {c (0%),y (6"),s(0"),z(0°)},.

Expected lifetime utility from allocation:

U({e(87).y(67).5(6%).2(67)})
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Government's/Planner’s Goals: Insurance and Redistribution

@ Govt's/Planner’s goal: max expected social welfare given Pareto weights.

» Insurance against earnings risk.
» Redistribution across intrinsic ability heterogeneity (persistent).

» |ncentives for efficient work and HC investment.

@ Asymmetric information about:

ability and its evolution labor supply
{ l
Wt(etf StVZt) X e =yt
T 1

2 cases: observable and unobservable HC.

— “direct revelation mechanism” with incentive compatibility.
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Government's/Planner’'s Program: Dual Formulation

@ Min expected resource cost s.t. utility targets and incentive compatibility

— constrained efficiency.

min i % / (c (Qt) —y (Gt) + M, (s (Ot) —s (9“1))) P (Qt) dot

feyszh o

st: U({c,y,s,z}) > U

{¢,y,s, z} is incentive compatible.

o If initial heterogeneity and non-utilitarian welfare function set any Pareto
weights through U = (U (61))e-

13| 50O



Incentive Compatibility Defined

o Reporting strategy: r = {r; (§*)}_, , with history rt = {r1, .., r;}.

e Continuation utility under reporting strategy r:

@ (0 = un (e (* (09) = 91 (s oo ey (7 0)))

+,B/ r (9t+1 f‘f+1 9t+1|9t) d9t+1

e Under truth-telling: w (6*) with r, (6%) = 0, for all 6*.

@ Incentive Compatibility

w (0%) > w" (6Y) Vr, VOt
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Solving the Government's Program: Method

@ Solving the direct revelation mechanism:

» Step 1: Relax program using first order approach (FOA).

» Step 2: Formulate relaxed program recursively.

@ Characterize optimal allocations using “wedges” or implicit taxes.

© Decentralize or “implement” optimum using policy instruments.
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Step 1. Relaxing the Program: First-Order Approach

o Consider deviating strategy o with report r:

t t— Gt_l'r
w (0%) = mraX(Ut (c (6 1 r)) — ¢t (Wt (Bt,s((;/f(l, B ,z)(th,r))>

B [ @ (070 0ei1) £ (011216) dBria)

@ Replace by necessary Envelope Condition:

aw (Gt) . a(Pt aWt lt t+1 aft+1 (01-_._1‘01_-)
S = S by B (6 T e

o Sufficiency?
a) Conditions on allocations (Pavan et al. 2013).
b) Ex-post verification (Werning, 2007, Farhi and Werning, 2013).
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Step 2. Recursive Formulation: Define States

@ Definition of continuation utility:

@ (0%) = un (c (69) — 90 ( ZUEL7(69) 8 [ (6547 7 (0csa o) s

@ Envelope Condition:

aw (Gt) a(Pt aWi_L

w (6°11) Of T+t (0e110:)
00; ly 060; w

00;

dO:y1
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Step 2. Recursive Formulation: Define States

o Definition of continuation utility:

@ Envelope Condition:

dw (6%) - O Ow; 1(6%) 11 ofttl (0¢+1]6:)
20, 0l 96; w(6?) * ﬁ/w (67) 20 WBera

Ve (Gt) = /a) (9t+1) ft+1 (9t+1|9t) d0t+1
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Step 2. Recursive Formulation: Define States

o Definition of continuation utility:

@ Envelope Condition:

0w (8) _ 3prdwe 1(67)
39t N a/t a@t W(Gt) ﬁ

Ve (Gt) = /a) (9t+1) ft+1 (9t+1|9t) d0t+1
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Step 2. Recursive Formulation: Define States

@ Definition of continuation utility:

@ (6) = ue (e (6) 0

)’(Bt) - (pt t
€)@

@ Envelope Condition:

9w (0%) _ 3 dme 1(6%)
a@t o alt aQt W(Qt) ﬁ

ve (0F) = / w (0°1) £ (0,.116,) dByy

AFtH1 (0,110
— /w (6t+1) 59”1' t)d9t+1
t
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Step 2. Recursive Formulation: Rewrite Recursively

@ Definition of continuation utility, using 6_,0, 6.

@ (0) = un (c(0) =g (£

@ Envelope Condition:

dw (0) I 0w, (0) 1(0)

30~ ol 90 w(o) P

V() = /w ) £ (0/)0) de’

t+1
— [w®) ofr”_1619) a(gg 9 o
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Recursive Formulation of Relaxed Program

K(v,A0-,5_,z_,1t)
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Recursive Formulation of Relaxed Program

K(v,A0_,s_,z_,t) = min/(c (0)+ M (s(0) —s—)—we (0,5(0),2(0))1(6)

£ K (v (0),A(0),0,5(0).2(0), £ +1)F (6]0-) b

over (c(0),1(0),s(0),z(0),w (6),v(0),A(0))
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Recursive Formulation of Relaxed Program

K(v,A0_,s_,z_,t) = min/(c (0)+ M (s(0) —s—)—we (0,5(0),2(0))1(6)

£ K (v (0),A(0),0,5(0).2(0), £ +1)F (6]0-) b

w (0) = ue(c(0)) — e (1(0),2(0) —z-) + pv (6)

v= /w(G) ££(6]6_) d6

over (c(0),1(8).5(8),z(0),w (8),v(0),A(8))
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Recursive Formulation of Relaxed Program

K(v,A0_,s_,z_,t) = min/(c (0)+ M (s(0) —s—)—we (0,5(0),2(0))1(6)

£ K (v (0),A(0),0,5(0).2(0), £ +1)F (6]0-) b

@ (0) = ur (c(8)) — ¢ (1(6),2(8) —z_) + v (6)
@ (0) = 21 (0) ¢y, ((8),2(0) —z—) + BA(0)

wt
v:/w(G) ££(6]6_) d6
L
A= /wm) of (616-) 4
. ) 00_

over (c(0),1(0),s(0),z(0),w (6),v(0),A(0))
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Method summary

Repeated Mirrlees Nested in Dynamic Programming

+ Endogenous Human Capital Formation

v_,A_,s_,2,6_

Mirrlees

v(6),A(8),5(8),2(8),6_ =

J

(} v_,A_,s_,2,6_

Mirrlees

v(8),A(8),5(6),2(6),6_ -

>

v(8),A(0), s(8),2(8),6_

v_,A_,s_,2,6_

Mirrlees
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Outline

e Human Capital Expenses
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Implicit taxes and subsidies: Definition
Implicit marginal labor income tax:

®1¢ (e, i)

=1-
TLe Wtu/t (Ct)

———
.. : . MRS/MRT /; and c;
Implicit marginal savings tax:
1 u(a)
PRE¢ (up iy (cti1))

(MRS ¢; and ¢¢+1 )/Return on savings

TktE]-_

Implicit marginal HC subsidy:

Upyq (Cev1)
w0 = M ) — 6 (22 ML (o) ) (1)

u (ct) ~—

Marginal Benefit
Dynamic (risk-adjusted) Cost

Implicit marginal bonus for training time:

_ Pie Ue,it) Uiy @ipr1 (les1,ie1)
T =1 " 7 _ BE U —(1—T1 Wy ¢,
AN PE: vy uh g (cer) (_“,)J

Dynamic (risk-adjusted, monetary) cost

Marginal Benefit
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A Net Human Capital Subsidy to Capture Real Incentives

Definition (Net Wedge)
Tse — T e M + Py

(M = 7s¢) (1= 710)

tst =

M@ = M, — BE; ( £l Mt+1>: risk adjusted dynamic cost

Pr= hr% < (I—1) E (ﬁ £l Mt+1) : risk adjusted savings distortion

tss = 0 — Full dynamic risk-adjusted deductibility of expenses
Neutrality of tax system wrt HC.

Static model: &, = Mt/,, standard deductibility (BJ, 2005).

Dynamic model + uncertainty: &, = M,9t}, — P}
i) dynamic cost, ii) risk adjustment, iii) savings wedge.

tst > 0 — positive net subsidy beyond deductibility.
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Optimal Net Subsidy: the Formula

ty (0°) = (@) —;tﬂ((gite)t)ig(c @) 82(? (1—pos,t)

€wo,¢: Wage elasticity wrt ability.
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1. Insurance Motive

(o) = ?7(5()323?)(6 = 8Zf't (1= pos,e)

Insurance Motive
K (6%) captures dispersion in marginal utilities

Kk (6%) = 0 if quasilinear utility or no uncertainty (fully persistent types).
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2. Persistence and the Redistributive Motive

0f) +1(0%)) up (c (0°)) ewp
(ot = (7 ( t WOt (1 _
st ( ) ft (9t|9t—1) 0, ( Pe ,t)
e[ RB 1 81 [TOf (00
') = g1 dbs
1 ( ) Fst—1 ( ) u{_l (1 —pos,t—1) Ewo,t—1 /9t 001

Persistence and the Redistributive Motive
Persistence of ability — persistence of policy.
1 (6%) = 0 with iid shocks.

Redistributive motive against initial heterogeneity remains active if persistence.
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3. Complementarity Between HC and Ability

i (6) = (<0 + 7 (89) 6 (c (6) ewne

1—
ft (Qt‘et_l) Gt ( pﬁs,t)
t (07) > 06 pgse <1
Labor Supply Effect: Inequality Effect:
subsidy increases wage + if pgs > 0
— 1 labor HC benefits more able agents more

— 1 resources. — 1 pre-tax inequality and risk.

Pos < 1 = subsidy | post-tax inequality
= has positive redistributive and insurance effects.

pos =1 =15, (0°) =0
Benchmark case in literature w; = 0;s;
Full dynamic risk-adjusted deductibility ~ Atkinson-Stigliz result.
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Evolution of the net subsidy over time

o Iflog (0;) = plog (6:—1) + s, with ¥ (|6*~1) and E (y|6*1) = 0.

E. . (ttgwe,t—l (1—pps,t-1) <1 Ué—l))
° ewo,t (1 — pos,t) RB u;

1 u_
= (1 — 0ps,t—1) €ws,t—1 Cov (Rﬁ :gl log (9t)> + ptst—1

e If HC has positive insurance value (pgs < 1): positive drift.

» Fading drift term — “Subsidy smoothing.”

@ Persistence of shocks — persistence of policy tg;.
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Empirical Estimates of the Hicksian Complementarity

e Labor/Human Capital Literature:
Heckman, Cunha et al., 2006, Ashenfelter and Rouse, 1998, ...

» Early Childhood investments level playing field = pps < 1.

» Evidence suggests pgs changes over life.

» College benefits already able people = pgs > 0 and pygs > 1 possible.

@ Structural Macro Literature:
Huggett, Ventura, Yaron, 2010, Heathcote, Perri, Violante, 2010:

» Ability as the residual, assume log separability < pgs = 1.

@ OJT? Investments later in life? Scarce empirical evidence.
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Numerical Analysis: Setup

Functional Form Values Source
-
Wage = (6P +as ?) | p=1{0212} | CHLM (2006)
cs = {0.09,0.1} | Match wage premium
(AKK, 1998)
7
Utility log (ct) — 1 (&) y=3 Chetty (2012)
Stochastic | log0; = log0;_1 + ¢
process Py ~ N (—7% Ulp) 0'¢ = 0.0095 HSV (2005)
2
Cost M; (et) = crer + 2 (S 1) =05 Match expenses
OECD (2013)
US DoE (2010)
table 1

e T =20 T,=10, B=0.95 R=1/B.
@ Select zero net cost allocation, utilitarian planner.
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Optimal Gross and Net Human Capital Wedges

02 — 02
' —p=02

0.15} - 0.15}

0.1 0.1

0.05} 0.05}

ol

-0.05 : : : -0.05

0 5 10 15 20 0

t

(a) Gross Wedge Ts;

—p=0.2
—p=12

5 10 15 20
t

(b) Net Wedge tst

If pgs < 1, Ts higher and grows faster; ts > 0 and growing.

But: Full dynamic risk adjusted deductibility close to optimal.
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Labor and Capital Wedges with Human Capital

0.2p

0.1r

0.05f

0 5 10 15 20 0 5 10 15 20
t t

(a) Labor Wedge over time (b) Capital Wedge over time

Labor and capital wedges are smaller in the presence of HC.

Standard Inverse Euler Equation holds.
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Subsidy Smoothing over Life

tst against ter 1

0.024 . ; ; ; 0.05 . . . .
0.022f & 41 0.045} ]
0.02 | 1 0041 ]
0.0181 1 0.035F R
0.016} e 1 003} 1
0'010‘.‘01 0.612 0.614 0.616 0.618 002 %25 0.03 0.035 0.04 0.045

(a) att=5 (b) at t =13

ts becomes more correlated over time as age increases

because the variance of consumption growth vanishes.

» Subsidy Regressivity » Tax Smoothing
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Insurance and HC Over the Life Cycle

o]

NPV lifetime human capital

1O 10 20 30 40 50 60
NPV lifetime output

(a) HC against lifetime income

[0
o

o
o

40

30

NPV lifetime HC + cons
N
o

10 20 30 40 50 60
NPV lifetime output

(b) Consumption + HC against lifetime

income
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Outline

© Training Time
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The net bonus on training time

Measures real incentive on training, beyond purely compensating for income
and savings tax distortions.

Definition
Tzt — TLt (4)zt/ult)d + Pz

R (S

ty =

(¢oe/u})? = P2t — BE, (“2“ m) dynamic risk adjusted cost

! ! !
uy Uy Upyq

Pr=+i%E (ﬁ Tt @) risk adjusted savings distortion.

/
1—74 Uy Upig
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Optimal Net Bonus: Special Case of Separable Disutility

@ Subsidize training on net iff positive redistributive and insurance values:

sk
tzt

(Gt) > 0= 00z,t < 1

@ Inverse elasticity rules for implicit taxes:

* c
* Tre €t

* Cc
_ * TLt €t
zt * u

1—1/1+¢f

tt =
ol 14eY

(1—pozt) . (1— pos,¢)

@ Bonus and subsidy set proportionally to their redistributive effects:

th (1—pozt)

ter (1— pgs,t)

o If CES wage, identical tax treatment of expenses and time: tJ, = t},.
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Optimal Net Bonus on Training Time

At the optimum, the net bonus is given by:
T/ (Gt) e$ Epiz t
£ (pt) = Lt t 1 Sz,
2 (0°) 1—1},(6f) 14 ¢Y (1= poz,¢) Ewzt

1
+ lEt T>th+1 (9f+ ) Ect:+1 Wz t4+1 /t’il‘c’(P/Z,t—ﬁ—l
1—TZ‘t (61) 1—i-e‘t’+1 A

R

t:t (et) 2 0= (1 - p@z,t) Z €gb,z,t/ng,t 2 0

Insurance effect  Interaction w/ Labor

@ Same “Labor Supply” and “Inequality Effect” as for HC expenses.

@ In addition: Direct interaction with labor supply.
“Learning-and-Doing" versus “Learning-or-Doing?"
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Outline

@ Unobservable Human Capital
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Unobservable HC: Modified Program

@ With unobservable expenses: Euler Equation for HC (ts; = 0).

Ws, t

up (ce) M (er) = —=1e¢’ (Ie) + BEe (upy1 (cevr) Miys (er41))

Wt
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Unobservable HC: Modified Program

@ With unobservable expenses: Euler Equation for HC (ts; = 0).

W.
Mj'tt I’ (Ie) + BE: (g1 (cev1) Miiq (ee41))

up (ct) My (er) =
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Unobservable HC: Modified Program

@ With unobservable expenses: Euler Equation for HC (ts; = 0).

W,

up (ce) My (er) = V;tt k¢’ (Ie) — BA® (67)
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Unobservable HC: Modified Program

e With unobservable expenses: Euler Equation for HC (7s; = 0).

Ws ¢

ut (ce) My (er) = —==1¢/ (Ie) — BA* (67)

Wt

A (0°) = —Ee (Ui (Cevr) Mesq (ee11))
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Unobservable HC: Modified Program

e With unobservable expenses: Euler Equation for HC (7s; = 0).

Ws t

ut (ce) My (er) = —==1¢/ (Ie) — BA* (67)

Wt

A = —Erq (u} (ce) ML (er))
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Unobservable HC: Modified Program

@ With unobservable expenses: Euler Equation for HC (ts; = 0).

Ws, ¢

up (ce) My (er) =

led' (le) — BA® (67)

Wt

A = —Ee1 (up (ce) M; (er))

@ With unobservable training: Euler Equation for training (72 = 0).

1
Pzt = Wz,t/tW(Pl,t + BE: (¢z,t41)
+
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Unobservable HC: Modified Program

@ With unobservable expenses: Euler Equation for HC (ts; = 0).

Ws, ¢

up (ce) My (er) =

led' (le) — BA® (67)

Wt

AS = _Et—l (U;. (Ct) M{. (et))
@ With unobservable training: Euler Equation for training (72 = 0).

| 1
= Wy tle— @) + +
Pzt tlt Wt('bl't
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Unobservable HC: Modified Program

@ With unobservable expenses: Euler Equation for HC (ts; = 0).

Ws, ¢

up (ce) My (er) =

led' (le) — BA® (67)

Wt

A = —Ee1 (up (ce) M; (er))

@ With unobservable training: Euler Equation for training (72 = 0).

1
(,bz,t = Wz,t’tWtcpl.t - IB
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Unobservable HC: Modified Program

e With unobservable expenses: Euler Equation for HC (7s; = 0).

o (c0) M (ee) = “ 2l (1) = BA* (67)

As = —Etfl (U; (Ct) M{L (et))
e With unobservable training: Euler Equation for training (7z: = 0).

1
<Pz,t = Wz,tltWtqbl,t - ,3
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Unobservable HC: Modified Program

e With unobservable expenses: Euler Equation for HC (7s; = 0).

o (c0) M (ee) = “ 2l (1) = BA* (67)

As = —Etfl (U; (Ct) M{L (et))
e With unobservable training: Euler Equation for training (7z: = 0).

1
<Pz,t = Wz,tltWtqbl,t - ,3
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Unobservable HC expenses: Results

e T; and Tk indirectly provide incentives for HC accumulation.

Lower 7; and higher Tx mimic t; > 0.

o 7.: Lower if pys lower.

e Tx: "Modified Inverse Euler” holds (hybrid model).

) FEL (Ber116e)

BR(1— 5 (et)M’ ul!) _/9 (1= 7E, (051 Mty

/
uy 0 Uit

=)

7E (6%): multiplier on agent's Euler for HC.
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Unobservable Training, Observable HC Expenses: Results

TLt TZt _ 1 1 + 811.{ (t t* )
— — -
-7, 1-71}, (1—pzt) &5 N
_ ~~ ; — Adjustment of subsidy
Adjustment of labor tax Relative efficiency

@ Inverse elasticity rule for available instruments.
@ Sharpest instrument adjusts more to compensate for “missing bonus.”

@ Subsidy for HC expenses changed iff p,s+ # 1.
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Outline

© Implementation
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Implementation: ldea

@ From direct revelation mechanism to policy instruments.
e “Taxation principle” — T; (y*, s") implements optimum.

@ Indeterminacy of instruments in theory:
Administrative constraints or political preferences in practice?

@ Propose ICLs and Deferred Deductibility Scheme.
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Income Contingent Loans (ICLs)

0.45

@ Loan covers HC cost: L; (e;) = M; (e;).

o Repayment based on history of loans and earnings: R; (L', y

—Loans:p=1.2
i Repayment: p = 1.2 |
—Loans: p=0.2

v Repayment: p = 0.2

5 10 15 20

Loans and repayment as % of income

til,&td’t)-

0.5

o
>

Repayment
o
w

o
[N)
.

01 . . .
0 1 2 3 4
Contemporaneous income

(b) Insurance role and history contingency of
repayments
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Simplified versions of ICLs exist

@ Proposed by J. Tobin and M. Friedman.

@ Tried in Sweden, Australia, NZ, UK, US, Chile, SA, Thailand.
» US: ICR for public sector (1994), IBR since 2007 (CRRAA).

» Australia: HECS - automatic, collected by tax authority.

@ Main differences of scheme proposed here:

» Not only for College
» Longer history-dependence

» Focus on both downside and upside.

@ “Yale Plan” debacle (1970s): need tax power of govt (adverse selection).
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Deferred Deductibility Scheme

@ Part of expense made at t deducted at t + j.

» Nonlinear cost: deduct at MC effective at t + j, not historic MC.
» Linear cost: (1 — B)% of cost.
> Plus “no arbitrage” for physical capital taxation.

@ Not sufficient to make HC expenses contemporaneously deductible:

» Changing nonlinear tax rates
» Savings tax
» Risk adjustment (varying ).
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Out-of-pocket HC costs at different income levels

057 ,

-05t ]

% of NPV of lifetime HC cost
not deducted
o

10 15 20 25 30 35

NPV lifetime income
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What welfare gain can simpler policies achieve?

Policy studied:
Set linear T, ¢, Ts;, Tk: to cross-sectional average (across all histories 0! at age t).

Table 2: Welfare Gains

pgs = 0.2 pogs = 1.2

Volatility Medium | High Medium | High

Welfare gain from second best | 0.85% 1.60% | 0.98% 1.76%

Welfare gain from linear

age-dependent policies 0.79% 1.53% | 0.94% 1.74%
as % of second best | 93% 95.6% | 95.5% 98.5%

40 | 50O



Conclusion

@ Applications: entrepreneurial taxation, bequest taxation, health care?

@ Open empirical questions:
i) Estimate pgs (also later in life investments).
i) How strongly does HC respond to taxes (weaker: to net returns)?

Bottomline

@ Crucial consideration: complementarity of HC to ability and risk + direct
interaction with labor time.

@ Numerically: i) Full dynamic risk-adjusted deductibility close to optimal.
ii) Simpler age-dependent linear policies perform very well.
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Verification Procedure

Policy Functions:

cP (Ve—1, Dr—1,5t-1,Zt—1, 01, 0¢, t), YP (Ve—1, D1, St—1, Ze—1,0¢—1, 04, ),
SP(vee1, A1, Se—1, Ze-1,0¢—1, 01, t), 2P (ve—1, Ar—1,St—1, Ze-1,01—1, 04, 1),
WP (Ve—1, Dt—1,St—1, Zt—1,0¢—1, 0, t), AP (Ve—1, Dr—1, St—1, Ze—1, 0¢—1, 0¢, 1),
VP (Ve—1, D—1,5t-1,Zt—1,0¢—-1,0¢, t)

Check for all states v¢_1,At_1,S+—1,2+_1, report ry_1, t, and 6; that:

0: € argmax,us (cP (ve—1, De—1,S¢-1,Zt—1, re—1, 1, t))
— ¢t (y" (thly At 1,5t-1,2t-1,0t-1, 0%, t))

n /s/ (WP (VP AP, P, 2, Bpsn, 4+ 1))

with wP, vP, sP, zP as defined above evaluated at 6; = r.
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First Period Heterogeneity

With a non-utilitarian objective, if 67 is interpreted as heterogeneity:

< (01) = /99 ul(ql(e)) (1— Ao (6:) t (c1 (62))) F (8s)

n(61) =0

where Ag (6s) is the multiplier (scaled by f (6s)) on type 65 target utility.

With linear utility: 1= [ Ag (65) £ (65) .
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Sufficient Statistics for pgs?

, _
- € (1—8)
R LS _
ts = (1—t5)(1-1) <s’ gyj) (1—7y) terms
LT y N—
N—— Pos

Labor supply effect

E(uy(cri)en)

E(Uéi(Ct,’))et

Y= E(u;i(cti)))’t,
Pos captured by relative redistributive effect of HC versus income.
Is education less or more concentrated than income among high consumption
(high ability?) people? Note that relative concentration matters.

€ =
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Endogenously targeted moments

o Calibrate wage and cost function parameters (¢s and ¢/) in “baseline”
economy:
» Free saving and borrowing
» Linear T = 35% for first 2 periods; T, = 13%; T = 25%.
@ Wage Premium: The top 42.7% in the population of baseline economy,
ranked by educational expenses, are “college-goers” (Autor et al, 1998).
» Their average wage relative to bottom 38.6% must match college wage

premium.
» Estimates: 1.58 (Murphy and Welch, 1992), 1.66 to 1.73 (Autor et al,
1998), 1.80 (Heathcote et al., 2010). Target: 1.7.

e NPV education expenses/NPV lifetime income:

» For College is 13%: ~ $30, 000 resource cost per year (OECD, 2013) for 4
yr college (67%) or 2 yr college (33%) (NCES, 2010).
Mean income $47, 000.

» Add allowance for later-in-life investments —19%.
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Baseline allocations

—output
——consumption
—HC expenses||

—output
——consumption H 0.5
—HC expenses

(a) Pos = 0.2 (b) Pps = 1.2
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Baseline volatilities

0.8 ‘ ‘ ‘ 0.8
—— productivity ———
0.6/ | — output g 0.6 productivity
i ——output
——consumption )
——education ——consumption
04 0.4/ —education |

0.2 0.2
% 5 10 15 20 % s 10 15 20
t t
(a) pps = 0.2 (b) pps = 1.2
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Subsidy Regressivity

Net wedge ts; against 6

-0.006 T T -
0.055¢ 1 _0.008F ]
0.05 | 1 —0.01 ]
0.045- 1 -0.012F 1
) S
< B
s 004 r 1 £ -0.014F 4
2 g
0.035 1 -0.016 B
0.03 F 1 —0.018F ]
0.025F 1 -0.02 - 1
0.02 . . . -0.022 . . L
0 05 1 15 2 0 05 1 15 2
[} [}

(a) pos = 0.2 (b) pps = 1.2
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Tax Progressivity

Labor wedge T+ against 0;

02 . . 0.22 T T T
0.18F 02t
0.161
- = 0181
g H
- o
3
2 o014t s
5 2
® % 0.6
0.12r
0.14r
01
0.0: . . 0.12 L L L
0 05 1 0 05 1 15 2
Contemporaneous shock 8 Contemporaneous shock 6
(a) pgs = 0.2 (b) pgs = 1.2
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Tax Smoothing

Ty against Tpy 1

0.08 - - . . 0.1 T - - . .
0.075F 1 oash J
0.07 | 1
2 017F 4
i b
T 0.065 1 E
5 o
< So0.16f 1
3
Z oot 1 2
3 5
S ki
= o — 0.15F 4
0.055[- 1
005 1 oaaf 1
0.045 . : - . 0.13 . . . . L
0.04 0.045 0.05 0.055 0.06 0.13 0.14 0.15 0.17 0.18 0.19

0.16
Labor wedge at t =4 Labor wedge att =18

(a) att=5 (b) at t =19
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Variance of Consumption Growth

x 10"

3

—p=02

16

18

20
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Allocations: Consumption, HC, and output

2 T T T T T T T T T 2 T T T T T T T T T
18 18 B
16 16 T
1.4 1.4 1
12 12 1
1 1 1
08 output 08 output 4
—— consumption —— consumption
0.6 —— HC expenses 0.6 — HC expenses b
0.4 0.4 |
0.2 ’-\ 0.2 -
0 . L . . . . . . 0 . . . . : : : :
0 2 4 6 8 10 12 14 16 18 20 [ 2 4 6 8 10 12 14 16 18
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Effects of volatility (1)

0.3

0.25H

——p=0.2,0=0.0095 ]
——p=12,0=0.0095 '

—p=02,0=0019
——p=12,0=0019

021

0.15F

-0.05

0.3

——p=0.2,0=0.0095

——p=12,0=0.019

(a) Gross Wedge Ts

(b) Net Wedge ts

20
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Effects of volatility (II)

T T
p=02,0=0.0095

——p=12,0=0019
no HC, 6 = 0.0095

[| = = =noHC, 5 =0019 .

0.012

0.01

0.008

0.006

0.004

0.002

p=02,0=0.019
=1.2,0=0.019

(c) Labor Wedge

20

(d) Capital Wedge tx
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Effects of pgs (1)

0.2 : T T T T T T T T
—p=02 H

S U S S U
2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
t t
(a) Gross Wedge Ts (b) Net Wedge ts
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Effects of pgs (II)

0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20

(c) Labor Wedge T, (d) Capital Wedge 1

161 19



Agent's program with ICLs

Vi (bo, 6p) = supt_ZT:l/ l:Ut (ce (6%)) — ¢r (Wt o st,ly(tg(fg’?) e (] )} P (6%) dot

e (%) + e (6) + Me (e (6%)) — bey (071 — Le (ec (6°))

<ye(8%) = D (L (00 Lyt () e (6) e (6)) = Ty (e (6)) = T (o)
st (6%) = se-1 (0°71) + e (67)

so given, e; (6') > 0,bg =0, by >0

Lt (et) = Mt (et) Vt, Vet

D (L1 yt e (08°1,0) s (650,0) ) + Ty (vi (6°1,0))
=y (9‘-‘—1,9) — (ef—l,e)

for all (Lt=1,yt=1) such that t~1 € @1 ({M;l (Ly), . MY (Lt_l)} ,yf—l) £0Q,

and all § € ©, where the history of education et™1 is inverted from Lt~L.

171 19



Deductibility Scheme with Linear cost

AL

_ /
—B) thﬁj—lEt<ut+J/' 18T/t+1 1>+ﬁr tE(UT (aTT
j=1 ur i

up \ 9yt ))
Staggered deductions

_ Z_:t/%fE<u/f+f < 0Terj 9Ty
/
j=1 Y

dbryj 1 Ospyj1 ) )

No arbitrage with Physical capital
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General Deductibility Scheme with nonlinear cost

Ty & g Upj10Terjo1 (4 1, Tt oTr
 der 2 Pk Uy OYerj-1 (MtH_I RMt+J> P Et( ug (a}’T))

0T 0Ty ;
_ t+j _ A ) . 1 t+) t+)
Z :BJEt ( ((1 CM/,H—J) Eevj (Mtﬂ) by 1 ast+jl)>

@ Marginal cost not constant: deduction in period t + j occurs at dynamic
marginal cost effective then (M ; — I\/It+J+1) not at “historic”
marginal cost at time of the purchase I\/l

> purchase of Ae at time t is deducted as (M, ; — = 7Mp jy1)0e from ye
at t+.

@ “No-arbitrage” term takes into account differential tax increases from
physical capital versus human capital

> risk adjusted

e = —Cov (B — 1 my) /(B (B2 - 1) B (M),

ut
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