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APPENDIX B (ONLINE)

B.1 Optimal Policy and Constrained Efficient Allocation in the Two-talent-two-task model

Social planning problem (P2). Suppose that the social planner attaches Pareto weight
g; to agents of talent i € {L, H}, with g;, + g = 1, and the government’s spending is G;.
For i € {H, L}, the agent’s lifetime utility is U (i) = Zthl B u (e (i) — h(es())], and
the social planner maximizes the social welfare given by

W=gLU(L)+guU(H),

subject to resource constraints in period t =1,2,...,T,
(xt): Y2 > Gt Y e (i) F @)+ Y (ke (0) = (1= 0k) ke (v) +Cq (g1 (v)) + Cn (0 ()],
i=L,H v=2,0

and the incentive compatible constraint (hereafter, ICC),

(n) - U(H) 2 gﬂt‘l ez - n ()

where y; and 7 are the shadow price of the resource constraints in period t =1,2,...,T
and the shadow price of the ICC, respectively. !

Solving the above planning problem and referring to the definition of wedges in
(4a)-(4e), the following Proposition Al shows the four wedges in this simple two-talent-

two-task model. We let A; = &/ (wtszgy‘)) (wtszgy‘)) and V(i) = %, and

the indicator function 1iL be one if i = L, and zero if i = H. We are ready to characterize

1A well-known implication of the Spence-Mirrlees single crossing condition is that non-local incentive
constraints do not bind. See Milgrom and Shannon (1994). Moreover, agents are usually assumed to have
incentives to underreport their types in the standard Mirrlees model. Hence, in the two-type model here,
we focus on binding local downward incentive constraints and thus, only impose an incentive constraint
to prevent high types from reporting as low types.
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the wedges.

PROPOSITION Al. Optimal allocations in the two-type, two-task model are characterized
as follows:

(i) Capital wedge for task v € {v,v} is

k¢
W)k t k oYy
R =Wy (v) Kl + M{ | Re(v) — (o) foranyi e {L,H} (A21)
where WF (v) = )Z 1,;7?;) >0and M} = X > 0.
(ii) Labor wedge for type i € {H, L} is
7' (4) L 1oy it 1 . N
177_l (i) =N (1) 17 + Wy (3) 5 + My (i) | f (i) we (i) (i) (A22)
where N (i) = 2240 [ (¢, (1)) — Ats] >0, W} (5) = E— 280840 > g and M (i) =
\I’t( ) > 0.
(iii) Corporate wedge for task v € {z,v} is
Zs:t T /
n s n Xs OYs 7' (b (v))}
= TWE, (v) oy — MG, (v) |[== - ; (A23)
; e :Zt ! ){Xt Obs(v) Ry (v)

. s/ OAY
where W7, (v )7%F (v )an (U) >0and Mg, (v) =T (v) 555 > 0.

(iv)R&D wedge for task v € {T;v} is

T
Y. 7’ (bt (v))
(It Wq s q & s — ¢ :| A24
S Z s, t ‘Pu + ;Ms,t (U) |:Xt 8()5(11) Rz; (U) ’ ( )
s—1 TS A s BA
where W, (v) = BXT;@A{F OF wen) (U) >0and Mg, (v) =T (v) oy > 0.

PROOF OF PROPOSITION Al.
Set the Lagrange of the social planning problem () as follows.

L = max Z gi

i=L,H t=1

T

D> B ulee(d) —h (etum]
T

oot v {()H
t=1 t

T
+> Xt [YtJr D (1 =8k ke (v) = ke (v) = Cq (gt (v)) = Cn (1 (v))] - > f@)e (2] :

t=1 vV=w,0 i=L,H

The first-order conditions for consumption are as follows.

[ee(H)] : (g +1) B~ (e (H)) = xe f(H) =0,
[et (L)) : (g — ) B~ M/ (er(L)) — xe f (L) =
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(i) Capital wedge: The first-order condition of the top task’s capital demand is

b BV 1B wi(L)et(L) 8(5)):((13))) I Yy 1—6,| =0
[kt (V)] :mB ( wy (H) ) Oky (0) et(L) — xt—1+ Xt {akt(@)—i_ - k] =0,
which implies that
(@) BIR@) +1 -] (i)
1— 7 (0) u' (cr—1(3))
_ B (wi(L)er(L) ((wi(L)e(L) ¢ Xt AL
CoXi-1 g ( w(H) > (wt(H)kt (77))Kv+Xt—1 {Rt w Oky (?7)]
wage compression:>0 Pigouvian:<0

The above equation can be expressed as (A21) for v = 7, when we use the following
notations

ko BT, (wi(L)ed(L) ((wi(L)ey(L) kXt
Wi =" h( wr(H) )<wt<H>kt<v>) and M =27

Furthermore, the first-order condition of the bottom task’s capital demand is

wy (L)
[ktw)}:nﬁh’(wt(”et(”)a(wt(ﬁ”)etw)—xt_ﬁxt[ o% +<1—6k>}—o,

we (H) ke (V) ) Okt (v) Oky (v)
which implies that
W _BIR @)+ 1= (i)
1-7F (v) ' (ce-1(i))
BT (e DeD) (wLe(D)) Ky xa oy
- (M) M) w0 ] <0
wage compression:<0 Pigouvian:<0

The above equation can be expressed as(A21) for v = v, when we use the following
notation.

kon BT, (wi(L)er(L) (wi(L)es(L) kXt
Wi = Xt—1 " ( wy(H) ) ( wy(H) ) and M CoXt-1

(ii) Labor wedge: The first-order condition of the high-talent agent’s labor supply is

Y (wt(L)et(L)> P < wy (L)

> et(L) | B (ex(H)) + xt

: wi(H) w (H) Ny
ler(H)]: | —em =n+n 1 (ec(H)) et (H) 8et(;f)_ ’
—wi (L)l

T wy(H)er(H)
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which implies that
) (B we(H)
1—7b () ' (et(H))
s ((we(L)es(L) (e, ws (H) — 8Y§g
sttty (M) wnemen R )
e ) W) wilHerH) W T

Pigouvian <0

wage compression: <0

The above equation is expressed as (A22) for i = H, when we use the notation 1%, =0,

B (ce(H)) o (we(L)es(L) [ we(L)er(L) Lo U (cm)
WlH) =~ i el ( wr (H) )(w(H)et(H))a“th(H)‘h’(eH,t)ﬂH)'

Next, the first-order condition of the low-talent agent’s labor supply is

W (wt(L)et<L)> wy (L) W (wt(L>5t(L)> 5 < wy (L) )
o) | —ap +1 wy (H) wy (H) wy (H) wy (H) ey | st 1w aY;

7 h L))+ =
B (er (L)) T ) dey (L) LN+ x50 0

which implies that
-t () _wi@wle (L)
17 (1) ht (et (L))
wi(L)e (L) wi (L)eg (L) oYy
e ht | ——— ul (c L)wy (L) —
:ﬂt711L/(Ct(L))77 1- l< wy (H) > <“Jt(L)>+ /< w(H) ) <wt(L>)<7>t + /( L7t) [f( e () ey (L)
xt¢f(L) ht(et(L)) wy (H) ht(et(L)) w () )L ht (et (L)) f(L)
Mirrlees:>0 wage compression:>0 Pigouvian:<0

The above equation can be expressed as (A22) for i = L, when we use notation as
follows.

ﬁt_lnw(ct(L)) e oy (we(L)ed(L) (we (L)
NelD) = F LW (D) [h“(”) h( )( >]

B g (e(L)) , (wi(L)en(L) { wi (L Lo (eD)
WiL) = th<> <t<L>>’”‘< wi () ><wt<H>)a“th(”‘h’(et(L))f(L)‘

(iii) Corporate wedge: The first-order condition of the top task’s R&D inputs is

d ws (L) es (L) a(;‘j((?)) DAY
QRS (5%(]__;) )es@) S T

5 s aAE o / —\\ __
+Zx93b (0) Gy~ 40 (ne (9)) =0

which implies that

aA" | X 1
gy = —— 7l (bs (8)T5 (¥)| —Cl, (ny (B
(9) B (0) th =L @) s (bs (0))T¢ ( )} (ny (9))
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<ws<L>es<L>> <uls(L>es<{))w%FtS(i) aA?ﬁ 7% <xi oM <fzt<_v))> T aA?ﬁ _
) o (1) Zp\xe 9 (®) R (9) ony (9)

7—2135 Ly

Xt g— wg(H) ws(H)bs (T

wage compression Pigouvian

The above equation can be expressed as (A23) forv = v, when we use the following

notation.

DAL s, O0AY

851y, (wa(Des (D) {ws(Les(L) Y s
h( we(H) )(ws(st(@))“(”)am()adM“” P () By oy

Wi (0) = "

Next, the first-order condition of the bottom task’s R&D investment is

T ws(L)es(L) 3(;5((?)) 0AL
ne (v)] 37]258_1]1/ < sws(};) ) es(L) (%: w I'f (v) ony (ty)

0AY

+szab P2 () Gy (g ~ Xt (e @) =0,

which implies that

Y 1
T"t V)= —— 77‘_/ bs (v FS » 70/ e (v
@ ony (v) L; R (v) ° (bs (@) T'¢ (7)} n (n¢ ()
T E - ’ )
==L B~ Lp 7 ((ws(Eles(E) ws(L)es (L) S-S Xs oYy T (bt (v)) s SA—
Xt z:: < ws (H) ) <ws(H)bs (y)) Pul't (v) o nt (v) SZ:t (Xt bz () = )rt (v) e
Pigouvian

‘wage compression

The above equation can be expressed as (A23) for v = v, when we use the following

notation.
0AY

85 ) (wa(L)es(L)\ (ws(Des(L)\ e, . DAL .
” h( we(H) )<w5<H>bs<y>>“@am<>adM t(0) =Tt () 5 70

(iv) R&D wedge: The first-order condition of the top task’s R&D investments is

Wg,t (Q) =

ws (L)
oot/ (ws(L)es (L) ( <H>> s () OAL
[q¢ (0 nZﬁ ( e (D) )es(L) o) Tt g (t)

T
+3ox S (T ) o = el e (0) =

which implies that

% (2) = Cq (a (9)) = 5= ;) {2: %wé (bs () TF <a>}
_n & Bs_lh/<ws<L>es<L)> <ws<L>es<{>>¢%F§(5) 047 +§ <x§ oY f’(it <@>>>Fs 024
Xt = ws (H) ws (H)bs (2) 0a; (v) =\ xt 96 (0)  RL(v) 04y (v)
Pigouvian

wage compression
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The above equation can be expressed as (A24) for v = 5, when we use the following
notation.

¢ (5 _657177 / ws(L)es(L) ws(L)es(L) S(5 8Af 4 5y =T (5 aAt
Ws,t( )_ Yt h ( ws(H) > (wS(H)bs (’D))Ft( ) q andMs,t( )_Ft( )

Next, the first-order condition of the bottom task’s R&D investments is
- P ws (L)
] s—1,7 (ws(L)es(L) ws (H) T3 ( aA* GYS T3 814*
Wl ( wo() )< a0 w) Z “Fs (0 Vg, (0

—xtCq (gt (v)) =0,

which implies that
oA [T 1

st (v) =c! v)) — — bs (v réw

() =¢q (¢ () Pas () [szt o s (bs () wg}

1 a1y ws<L>eS<L>)<ws<L>es<L>) sps iy OAT Ly <><s oYy (bm))) o4®
=— ol () —E—+ = -

Xt E ( ws(H) ws(H)bs (v) (p*tmaqt(ﬂ) 52::,5 Xt Obt (v) ) (U)a‘Zt(’U

wage compression Pigouvian

The above equation can be expressed as (A24) for v = v, when we use the following
notation.

0 oy By (wa(Des(L) (ws(L)es(L) \ ps ) OAF 9 (o) = 5 (o) PAL
Wi =t (20 ) (R ) T @0 i e ML) = TH

B.2 Extension — When Agents’ Types are Time-varying

In this Appendix, we consider an extension of our model by allowing for agents’ types to
change over time. The wedges derived in Proposition 1 would be slightly changed due
to the extended setting, but the major effects such as Mirrlees term, wage compression
term and Pigouvian term which are emphasized in Proposition 1 still hold in the exten-
sion. Because the extension makes notations complicated, to lighten the notations, in
this section we assume that the capital and R&D investment are fully depreciated, but
none of the results in this section depend on this simplification.

When allowing for agents’ types to change over time, to simplify the analysis, we
study the two-type, two-sector model. In the first period, an agent’s type is denoted by
i€ L, H, and the probability of type i is f; 1, where fr, 1 + fg,1 = 1. In the second period,
the agent’s type is denoted by j € {L, H}. Thus, at the end of the second period, there are
four different types of history: ij € {LL, LH, HL, HH }, and the probability of the type of
history ij is f;j2, where fyr 2+ fuu2= fu1 and frp o + fou2 = fr,1- Suppose that
an agent is type 7 in period 1, the conditional probability of the agent’s type being j in
period 2 is Pr (j|i) = £5000) — f“ 2 Then, the expected lifetime utility for an agent of

Pr (i)
type i in the first period is:




Supplementary Material 7

u(cin) —h(ei1)+28 Z u(cij2) —h(eij2)] fij’z- (A25)

j=L.H fi.l

Except the types as specified above, other environment, such as agents’ talents, sec-
tors, and firm’s decisions, is the same as that in Subsection 2.1.

Social planning problem (Pg3). Suppose that the social planner attaches Pareto
weight g; to agents of talent i € {L, H}, where gy + gy = 1. With U; in (A25), the social
planner maximizes the social welfare

W=gr UL +guUmn,
subject to a resource constraint for each period ¢t =1,2,

(x1): Y12 Y cnfi+ D [k2(v)+ Mg (a1 (v) + Mn (n1 (v)] + G,

j=L,H v=u,D

(x2): Yo > S cueliet Y [Mg(g2 @) + Mo (n2 (v)] + Gz,

ij=LL,LH,HL,HH vV=0,7

where y; is the shadow price, and subject to three ICCs.

The first ICC is set to prevent a high type from reporting as a low type in the first
period,

(m):Usr 2w (eza) =P (wL i 1) B Y [ulerjz) —h(ers2)] ij’z,

WH,1 J=L.H fH,l
where 7; is the shadow price.

The second and the third ICCs are set to prevent a high type from reporting as a low
type in the second period. Specifically, for agents of type i € L, H in the first period, the
ICCs are

(Mi,2) tu(cim,2) —h(eim2) > u(cip,2) +h (M) ,

WH,2

where n; 2,7 = L, H, is the shadow price.

Based on the above social planning problem Ps, we derive the labor wedge, the cap-
ital wedge and the R&D wedge. The results are formally stated in Proposition A2.

Some notations are needed. As in Proposition 1 in the text, let Ay = 7/ (

and ¥; 1 = flf(l’Cizel)) for period 1, and 1iL is the indicator function, which is 1 if: = L

and zero if i« = H. Moreover, we define A; 5 = i/ [ £L:2%L:t ) (LL2C%Lit ) gnd @, 5 =
’ WH,t WH 2 7>

wri1€er1\ WL,1€eL,1
WH,1 WH,1

v’ (cij2)

Tl (e 3) for period 2.
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PROPOSITION A2. Letan agent’s type in the first period be denoted by i € { H, L} and the
type of history in the second period be denoted by ij € {HH, HL, LH,LL}. Then

(i) Capital wedge for task v € {v;u} and i € {L, H}, is

ko
72 (v ov-
%:Wﬁ“(v)nfﬂrﬁ/@ |:R2(’U)ak 2 }+I1()R2( ) 426
1—7,2(v) 2(v) S 2
insurance effect
where W5 (v) = [nL’ZAic’fli?f)’mH’Q] >0,Mh = X2 >,
andZ; (H) = nH?[UI(CI.;L;J%g-L_lu/(CHL’Q)] ’
u'(crr,2) {/5771 {fﬁff _ ffLLLf}"‘”LQ} o (eprr2) {5771 {f;[HHf _ ffLLle} _77L,2:|
andZ, (L) = , : S ) :
(ii)Labor wedge

In the first period, the labor wedge for type i € {H, L} is

l1

; Y]
T = N @) T WL (@) 6+ M () | (o) — (a27)
17l Il (vi)
where A; (i) = 2 jf;l[h'(e“) M| >0, W () = BRLYL >
and ./\/ll ( ) z 1f1 1a1(1),) > 0.
In the second period, the labor wedge for type ij € {HH,HL, LH,LL} is
Y (i) Lf + Wi (i) 63 + M ("){ (1) = 2 (A28)
= ) P+ 1) Qi+ 1)) (w2 (vj) — =5——|
-2 P R R Gy ;)
where Ny (z’j):777(1"2)23”""’2 h(eij2) — eAlz] >0,
Wé (Z]) = ZJZ[T]L 2?;;:;7}1 288 2] >0 and Ml (’Lj) Ltf,;jai(vi) > 0.
(iii) R&D wedge for task v € {T,v} int =1, 21is
2 /
oY, 7 (b (v)
59 (v W, () s+ 3 M2, (v [X S (A29)
Z SO ; s,t( ) Xt 31)3(1}) Ri (’U)
— _mdy  9AY (nL2Arp2+nm28H2) OAY  9AY
where qu»1 (1()) X’rllzl(i’) 8!11(11)’))/\231( v) = I;Cfb2(f)2 e a1)1(3’) 3611(11)’
_ (nL2Arp2tnu28H2) 0AY _ DAY DAY
Wia(v) = =iy dmty Min () = anty ME1 () = 5ty gty
and M§ , (v) = o2

- 8q2(v)

(iv) Corporate wedge for task v € {T,v} int =1, 21is

2 2 ,
t () — n s _ n Xs Vs 7 (bt (v))
v) = gws,t (v) 3 ;:t./\/ls,t (v) {x,: os(o) R (0) (A30)
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_ A 0AY ( A o+ A ) 0AY 0AY
where WE, (v) = L5ty gty Wai (0) = S8 50a 0™ gty oy
W (nr,2AL2+nH20H2) 9AY n A7 n DAy 0A}
22 (V)= eTI0) Fratoy M1 (V) = galoy M2 (V) = 35,05 (o
OA%
and M3, (v) = 8n2(v)

It is clear that Proposition A2 is the same as those in Proposition 1 except for two
things. First, the labor wedge in period 2 now depends on the whole history of type ij €
{LL,LH,HL,HH}. Second, there is an additional insurance term in the capital wedge
for the insurance purpose. These two differences are the standard results in the new
dynamic public finance literature, as agents’ types are time-varying.

PROOF OF PROPOSITION A2.
Based on the social planning problem (Ps), we set the Lagrange as follows.

L =max Z gi 011 €z1 +5 Z Cm (eiﬂ)] J;ci,j’Q
i=L,H j=L,H 1'1

+x1 |Y1— fracr, — fuicH,1 — Z [k2 (v) + Mg (q1 (v)) + Mp (n1 (v))] — G1

V=,V

+xz Y2 - > cijafize— > [Mq(a2(v) + My (n2 (v)] - G2
ij=LL,LH,HL,HH v=0,D

+771{ (CH 1) 6H1 +B Z CHJQ h(eHj’g)] '};,}:’12 *U(CL,1)+h(M)

w
ST H H,1

STH fua

8 Y [-ulero >+h<eLj,2>]fH”}

wr, 2€LL,2
+nL,2 {u cLu2) —h(epm2) —u(cLrn,2) +h (7)]
WH,2

+1H,2 {u CHH,2) (eHH’Q)—u(cHL,2)+h<w>]
WH,2

First, we take the first-order conditions with respect to the consumption as follows:

[era] : (gm +m)v (cmi) — x1fua =0, (A31)
lepa] (gL —m)u' (cpa) —x1fr,1 =0, (A32)
[ ) frr2 fHL 2 , B
crn2) || e a1 fH B—nr2|u (cLrn2) —x2frLr,2=0, (A33)

lcnm2] : KgL f]fff —-m ffHHf) B+ UL,Q} u' (cpm2) —x2fra2 =0, (A34)
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lcrr,2)] : [(gH fﬁff +m fJZILf) B— UH,Q} v (curn2) — x2fur,2 =0, (A35)
. fHH?2 JHH2 / _
[came]: || g i +m i1 B4nmz| v (camz2) — Xx2fHH2=0, (A36)
(i) Capital wedge
k (o
Given the definition of the capital wedge T 2,6(;’() ;= A RQ(U)E(l [« )(C”’2>] — 1 and the
v u(Cq,1

fact By [u (cij2)] = e U "(cij2) J;ZJ 2 the capital wedges for sector v =7, v and
type i = H, L can be derived from the first-order conditions (A31)-(A36) along with
the following condition:

(m2)

WL 2€LL,2 , (WL 2€HL 2 WH,2 0Y>

k . h/ s 5 h 5 5 _
[k2 (v)] {771:,2 ( Wit s ) err,2 +nH,2 < g ) eHL,2:| Bha (v) —X1tX257 7~ Bkz (v) =0,

Based on these first-order condition, the capital wedges for high type i = H agents
are

WL 2€LL,2 WL 2€HL,2 wr, 2
/ 5 5 ! 5 ) )
Ko - {WLQh <) err,2 +nH2h <> eHL,2] 0 < >

TH W) WH,2 WH 2 WH,2
1-— TIIff (v) X1 Okz (v)

wage compression

X 0Y> } u (cur2) — v (cumg)
+ X2\ Ry (v) —
X1 [ 2(v) Oka (v) X1fH1

Pigouvian Insurance effect

H,2R2 (v), (A37)

while the capital wedge for low type i = L agents are

; (WL, 2¢LL2 ) (WL,2¢HL,2 wr, 2 oY
= |nL,2h (71”11 ) ) errL,2 +nmg2h 71’”11 N egr2| 9 P x2 |R2 (v) — Ti’)
) ) , 2

1 ,{2 (v) X1 ko (v) X1

k:
T2 (v)

wage compression Pigouvian

fHL2  fLL2 faHz2 TLH?2
o (CLL,z) {5771 - +nr 2} +u (CLH,2) [ﬂm [ -— - 7IL,2]
1 fra fH1 fra
+ : Ry (v)
x1fL,1

Insurance effect

(A38)

()
Using the fact that 81{;&2) = ;JULL; k:(v) for sector v =7, v, equations (A37)-(A38)

can be expressed as (A26) in Proposition Al.
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(ii) Labor wedge:

In the first period, based on the definition of the labor wedge - L= wi}‘ll,z‘e_(cli)’l) —1land

the following first-order conditions

wr,1€r,1 wr,,1
WH,1 WH,1

lema]:| —sg—m+m W {en ) Jera epa |1 (em1) +x1fuam (0) 8181}?@) =0,
WL, (le Ll) h/<wL7leL,1) a(wL,1>
lea]:| —eL +771 h’ (e TH, +m W (Z}i’ll) (f;:ﬁf ep | B (er,1)
2) %]

+x1fr,10r (v) o (v) =0,

we derive the labor wedges in the first period for type i = H, L, respectively, as fol-
lows.

W (wL 1er 1> 5 (wL,1)
T —mu (emn) WH,1 wi/ +U' (cu,1) an (¥) (w1 () oYy ) A39
- L,1 - —
lf'r;} X1fH,1 B (em,1) Oem,1 W (er 1) aly (v) ( )
wage compression<0 Pigouvian<0
and
1 / WL (wL,1€L,1) Yy (wL,1€L,1) 8(7~UL,1>
L _ Y (cr,1)m 1o HA WH,1 I WH,1 WH,1 1
174 X1fL,1 R (er1) R (er,1) Oer1 ’
Mirrlees>0 wage compression >0 (A40)
I
1)
LY (C/L,l)aL (v) {wl () - - } .
h (er,1) ol (v)

Pigouvian<0

(55:1)
Using the fact that 6:11 = DLt for i = H, L, equations (A39)-(A40) can be

s WH 1 ez 1
expressed as (A27) in Proposition Al.

In the second period, based on the definition of the labor wedge - T == w"}’:f(e(c”f) -1
R ij,2

and (A33)-(A36) and the following first-order conditions
’WL,2€LL,2> wr, 9

) 7IL,2h (
| (—8LfLrL2 K MmfHL:2 why 2 wH 2
{GLL 2} : B+ 7
fra fH h (eLL,2)

wr, 9 s (WL,2€LL,2 ; (WL, 2€HL,2
9 (7 ) |:77L,2h (7 : > err,2+nygoh (7 ’ > EHL,Q]
+ WH,2 WH 2 WE 2

derr,2 n (6LL,2)

Yo
aly (v)

’

’
h (ELL,Q) +x2fpr20r (¥)
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[e } ) [(*gLfLH,z mfHH2
LHz2 fra fua

wL,2 r( WL,2°LL,2 y( WL,2°HL,2
(252 [ (20 ) g (522, )
!

)5—%,2

W 2 WE 2 W 2 . 0Yy
7 W (epm2) +xafLH20m (0) —~ =0,
derH 2 W (epm,2) ala ()
s (WL,2¢HL,2\ YL,2
ngoh | ———— | ——
(—eg — 1) BfHL,2 W 2 W 2
[EHL,z] : + 7
fr1 W (emr,2)
wr, 2 ) (WL,2¢LL,2 ) (WL,2¢HL,2
3(7) |:77L,2h (7) err,2 tnH2h (7) eHL,Q}
WH,2 WH,2 WH,2 W (e )+ f ar (@) oYy
derrL o o (c ) HL2) txelHr,2er () 5720 =
, HL,2 S
(—eg —m)BfrH2
[EHH,Q] : T —NH,2
wr, 2 ) (WL,2¢LL,2 ) (WL,2¢HL,2
3< ) {anh (7) errn,2 T ne,2h (7) eHL,2} )
WH.2 WH,2 WH,2 % (e )+ f ap (5) 9Yy “o
5e " HH2) T x2fHm20m () 5700 =
HH,2 €HH,2 2

we derive the labor wedge in the second period for type ij = LL,LH,HL, HH, re-

spectively, as follows.

;(WL,26LL,2 | WL,2 ) ( WL,2€LL,2 MH,2,,( WL,2°HL,2 wr,2
It o (e W\ ————= ) —= —|h|———Jerpot+t ——h|———|egpo| 0| ——
L L2 LL,2 1 WH,2 WH 2 : WH 2 nL,2 WH,2 WH,2
1- réfL x2fLL,2 ' (GLLA,Q) W (eLL,2) derrs
Mirrlees wage compression
/
u (CLL,Q) ar, (v) Yy
Y wz(ﬂ)*al |’
v \eLrL,2 2\
Pigouvian
(A41)
/ r( WL,2°LL,2 s WL,2°HL,2 wL,2
ly —u (CLH,2> npoh | ———= |erpo+ngoh | ——— |egr,2| 9
"LH  _ WH,2 WH,2 WH 2
lo / de
L=7rH x2frm 2t (epm,2) LH,2
wage compression (A42)
/ —
u (CLH,Q) ap (9) ~ Yy
e [ @ - g
h (eLH,Z) 2w

Pigouvian
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y( WL,2°HL,2 \ WL,2 "L,2 s ( WL,2°LL,2 y(WL,2°HL,2
1 ’ h| ————| —— —|——h | ———= |e +h | ———————= | e
St S (c ) ” - LL,2 HL,2
HL _"H2 HL2) |, H,2 H2

g

wL,2

)

B nH,2 WH,2 WH,2 WH,2
1- T}}L xX2fHL,2 n' (eHL,Q) n! (EHL,Q) OeHr,2
Mirrlees wage compression
’
L (CHL,z) ar, (v) [ @) vy }
A2 T g (v) — L
W (erp,2) aly (v)
Pigouvian
(A43)
/ [ WL,2°LL,2 [ WL,2°HL,2 WL, 2
lo —u (CHH,Q) npeh | ————— Jerp2+ngoh | ——— Jemgr,2| 9
"HH WH,2 WH 2 WH 2
lo / de
1= "HH x2fam 2t (erm,2) HH,2
wage compression (A44)
/ —
u (CHH,2) ap (v) _ Yy
+ 7 |w2 () — r(’) .
h (EHH,z) 2

Pigouvian

(wL72 >
w _ 2
Using the fact that 862{ 22 = w“}’;; % forij=LL,LH,HL,HH, equations (A41)-

(A44) can be expressed as (A28) in Proposition Al.
(iii) R&D wedges

Based on the definition of R&D wedge (4e), and the following first-order conditions

9 (wL,1>
oo (215, ) o
1 T WH,1 L1 ob1 (v)  9q1 (v)

(22)
n {77 Y <wL,2€LL,2> . S (wL,2€HL,2) . ] wga) 0AS  0AY
L2 Wi LL2+NH2 wit s HL2| gy 8bt () 91 (0)
oYy:  0AY 0Ys DAY DAY B

X 5by (0) Bar (o) T X b (v) Br (0) By () XM (@1 () =0,

P (wL,Z )
lg2 (v)] - {m oh! (W> eLps+ N ok’ <w) ens 2} wi2) 9A3
: s WH,2 ) s W2 5 ab2 (’U) 8(]2 (’U)
Yo  0AY ,
— M, =
9bs (v) Dgz (v) (a2 (U))} 0,

+X2{

we can derive the R&D wedges for each sector v =7, v, for each period ¢ = 1, 2 as follows:
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9q1 (v) RL(v)

s

v 25:1 ’
OA
91 (v) = My (a1 (v) = =% {Z 2=l x (bs<v>>ri<v>}
s=1 s

; (WL 2eLL2 ; (WL 2¢HL 2 (w2
ng,2h (7 )eLL,2+77H,2h <7 : )eHL,2:| d( :

wr, 1
o —=L _
ML, <wL,1€L,1> <wH,1> A7 W 2 Wi 2 wH,g) 2AY  oAY
= )
X1 wH1 oby (9)  9q1 (v) X1 dby (v)  dby (v) Day (v)

wage compression

%) , aAY [XQ oYy , ] aAy  aAY
— 71 (bq (v — — g (bg (v
{8171 w T ))] s [ a0 22 ) gy (0
Pigouvian
(A45)
0AY
5% (v) = My (g2 (v)) — 2 (b (v))
g2 (v)
{VIL,M' (w) Y (w) eHm} 9 (ww) )
_ WH,2 W 2 w2/ O0A;
X2 9bz (v)  9g2(v)  (A46)
wage compression
aYs ) ] DAY
———— — 75 (ba (v
s s (a0 o

Pigouvian

“’L,t)
w _ t
Using the fact that gbtl(i’l’f; = w“;ft*t bﬁ) for sector v = T, v, equations (A45)-(A46)

can be expressed as (A29) in Proposition Al.

(iv) Corporate wedges
Based on the definition of corporate wedge (4c), and the following first-order conditions

P (wL,1 >
wL,1€L,1> wi1/) O0AY
L1

[n1 (v)] ik ( dby (v)  Onq (v)

WH,1

(wzﬂ)

wyr, 2€r,L.2 wy, 2€HL .2 WH 2 8Av2 BAU]
+ NI Qh, —_— €rL.2 + MNH j)h/ —_— €EHL.2 :

|: ’ < wH,Z ) ’ ’ ( wH,Q ) ’ :| 6b2 (U) 6bl (U) 6”1 (U)

OVi  0AY |, 9Ye 0A3 0AY
X181 (0) ng (v) 2 8ba (v) Dby (v) Dng (v)

+ —x1 My, (n1 (v)) =0,

WL, 2€LL,2 WL 2€HL,2 wg2/) O0A3
ot (B8 ) g (25012, ) ) o
WH 2 WH,2 Oba (v)  Ona2 (v)

Y>  0AY
Obs (v) Ona (v)

x| - M (n2 (0)| =0,

we can derive the R&D wedges for each sector v = v, v, for each period ¢t = 1,2 as
follows:
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1

7M1 (v) = 8A11’ |:Z

w (bs (v)) T (u)} - My, (ng (v))

1
9ny1 (v) |21 Rs (v)
wr, 1 s (WL, 2€LL2 ; (WL 2¢HL 2 wr, 2
3(7) % |:77L,2h' (7) err,2 tnmg2h (7)%@,2] 3( ) v v
_Tmena <WL,1€L,1> wh,1) 0AY Wi 2 Wi 2 wr o) 0A5  0AY
X1 wH 1 aby ()  Inq (v) X1 dbg (v)  9by (v) dng (v)

wage compression

, S 8AY o Ly X2 Y2 oAy oA}
+{ Lo =5 (v)] any (0) +{ T <v>] 9t (v) omy (v)
Pigouvian
(A47)
72 (0) = 242 1t (b (0) — M (12 (0)
ong (v)
W, 2€LL,2 W[ 2€HL,2 wr,,2
- {UL,Qh/ (7) err,2+nm2h <7> 6HL,2} 0 ( ) »
= WH,2 wH,2 w2/ 0As
X2 Obz (v)  Ona2 (v) (A48)
wage compression
’ 0Ys 0AS
b _
+ {”2( 2() = 555 (0 | B2 (0)
Pigouvian

(5)
w _ t
Using the fact that abtl({;) = J;{Lt’t b:"(j} ) for sector v = 7, v, equations (A47)-(A48)

can be expressed as (A30) in Proposition Al.
O
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B.3 General function form of technology evolution

For tractability, we follow Akcigit, Hanley and Stantcheva. (2022) and adopt the mul-
tiplicate evolution (12a) of the technology level b;(v) in our quantitative analysis. We
now consider varying degrees of complementarity between R&D investment and R&D
inputs by using the following general function form.

1 _ ]_ _ 1*§qn
by (v) = (1= 8p) br—1 (v) + (2% (0)! 70" 4 Sne (v) 9”) . (A49)

Note that the functional form (A49) can be reduced to (12a) as g4, — 1. In Figure
Al, we demonstrate the labor wedge, the capital wedge, the R&D wedge and the corpo-
rate wedge in our model under three different complementarity values between R&D
investment and R&D inputs, g4, = 0.8, 1, 1.2. As can be seen, these wedges are almost
the same under these three different complementarity values. For the labor wedge and
capital wedge, they are even indistinguishable to the naked eyes. This result implies that
the complementarity between R&D investment and R&D inputs has little impacts on the
wedges in our model.

(@) Capital tax rate 75(v) (b) Labor tax rate 7/
0.1 0.3
0.25
0.05
0.2
0 0.15
0.1
0.05
0.05
0.1 0
0 0.5 1 0 0.5 1
task v talent ¢
(€) R&D subsidy rate s4(v) (d) Corporate tax rate 7(v)
0.02 0.04
0.015
0.02
0.01
0.005 0
0 -0.02
-0.005
0.04
-0.01
-0.015
0 0.5 0.5 1
task v task v

FIGURE Al. Wedges under different complementarity ggn .
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B.4 General final goods production form

For simplicity, we follow Akcigit, Hanley and Stantcheva. (2022) and assume that
the outputs of different sectors are perfect substitutes in the final goods production. In
our quantitative analysis, we use the final goods production function described in (12b).
However, in this section, we consider imperfectly substitutable goods in the general final
goods production in A50.

v e /ey
/ [0 ()" e ()" dv] , (A50)

.}/’t:

where ﬁ is the elasticity of substitution of intermediate goods in the final goods pro-
duction. When ¢; — 1 the production function reduces to (12b).

In Figure A2, we show that the capital wedge, the labor wedge, the R&D wedge and the
corporate wedge in our model for different degrees of substitution ¢ ¢. As shown, these
four wedges exhibit similar shapes across various degrees of substitution ;. The cap-
ital wedge, labor wedge and corporate wedge increase with ¢, while the R&D wedge
decreases with €.

(@) Capital tax rate 7%(v) (b) Labor tax rate 7/
1
0 03
0.05 0.25
0.2
0
0.15
-0.05
0.1
0.1 0.05
0.15 0
0 0s 1 0 05 1

task v talent 2

(c) R&D subsidy rate s7(v) (d) Corporate tax rate 77 (v)
0.02 0.04

0.02

0

0 -0.02
-0.04
-0.01
0.06
-0.02 0.08
0 0.5 1 1] 0.5 1
task v o =11 task v
+ =1
* ;=09

FIGURE A2. Wedges under different degrees of substitution ¢ ¢.
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B.5 Wage growth and technology level under different shape parameter x

In Subsection 4.3, we demonstrate that the U-shaped patterns of wage growth and tech-
nology evolution are driven by the sectoral elasticity of substitution. To examine whether
these patterns could also be a result from our assumption regarding the talent distribu-
tion, we compute wage growth and technology levels using different values of the shape
parameter, . As shown in Figure A3, the U-shaped patterns remain robust across these
alternative values of «.

. Aloglu;)
(a) Wage growth fngfu.;) (b) Technology level log(b(v))
0.2 -08

0.15

0.1

0.05

0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
talent ¢ task v

*K=02
+ £ = 4.5(Our model)
1

- K

FIGURE A3. Wage growth (a) and technology level (b) with different shape parameter.

B.6 Implementation through Personal Income Taxes, Profit Taxes and R&D Subsidies

This section addresses how the optimal allocation implied by the wedge formula in
(10a)-(10c) can be implemented by a tax system in the decentralized economy.

Suppose that A* = {¢} (i), e} (i), k{* (v),1} (v),yF (v),qf (v),n} (v),b} (v)} is the op-
timal allocation in the second-best solution of the social planning problem in Section 3.
In this section, we construct a tax system to implement the second-best solution in the
decentralized economy. We must note that the tax system we construct is not a unique
one that can implement the second-best solution. Other tax systems have been pro-
posed in the existing literature; see, for example, Kocherlakota (2005), Albanesi and Sleet
(2006), and Chen and Liang (2024). Different from the existing literature, our tax system
incorporates not only personal income taxes but also corporate taxes and R&D subsi-
dies, as there are firms doing innovations, which have monopoly power and positive
profits.

Personal income taxes. Suppose that type i agent’s net capital income and labor
income are, respectively, denoted by

Ko li) = [ [ (0) 416 K (0) = ki (0] o

]Lt (Z) = W¢ (’L) €t (l) .
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The personal income tax T3 ({k} (v) } , L (i)) is constructed as follows

i o K () + Ly (i) — ¢ (), if Fjs.t Ly (i) =L} (j) and ki (v) = kJ* (v) for all v,
Ty ({ki (v)},Le (2) {KZ (i) +}LZ (1) — c%’t, otherwiste t t t

(A51)
where cj , satisfies Z;le ﬁt_lu(c{’;’t) <min{U* (j) |Vj € [i,i]}, and L} (§) = w} () e} (j)-

Agent’s problem. Given the personal income tax 73, talent i agent chooses
{et (i), e: (i), kf (v)} to maximize the following lifetime utility

T
max U (i) =maz Y A7 u(er(i)) = (e (4))], (A52)
t=1

subject to the following budget constraint

0 (i) + / b (v < / [(Ry (0) +1— 64) K (0)] dv+ 1wy (3) 2 (3) — Ty ({ki (0)} L (5)

Firm’s R&D innovations, R&D subsidies, and profit taxes. As to the tax on interme-
diate goods producers, we construct a linear profit tax rate 7/ (v) and a nonlinear R&D
subsidy 5S¢’ (¢¢ (v) , n4(v)):

S¥ (g (v),m(0)) =77 (0) [Cq (a1 (v)) + Ca (e )] + (1= 77 (0)) 5% (v) g1 (v)
~ (1= W) ™ @ne (),

where s? (v) is the R&D wedge defined in (4e), and 7™t (v) is the corporate wedge (or
profit wedge) defined in (4c). Given these R&D subsidies and corporate taxes, the firm’s
R&D problem in (3b) becomes the following problem.

(A53)

T
max L—va7r v)) — v)) — Cn (ns (v Y (qs (W) ,ns (v
B R [(1 =7 () s (bs (0)) = Cq (a5 (v)) = Cu (s (v) + S5 (g5 () 75 (0)]
(A54)

where 75 (bs (v)) is in (2b) and bs(v) evolves according to (3a).

Government. Given the government expenditure G, and the tax and the subsidy
schemes described above, the periodic government budget constraint is as follows:

Gt 4—/vﬁ St (gt (v),ne (v)) do < /f(i) [Tt ({k,’i (v)} Lt (i))} dH_/j () (be () dv (A55)

Given the agent’s optimization problem, the firm’s maximization problem, and the
government’s budget constraint, we are ready to define the tax equilibrium as follows:

Tax equilibrium. Given the government spending G+, a tax equilibrium consists of
a personal income tax function 73, a linear profit tax 7/ (v), a non-linear R&D subsidy
SY (¢t (v) ,ne(v)), an allocation profile

{Ct (Z) ) €t (7’)7k1%, (v) s At (i,’l)) s le (U) »dt (v> 7nt(v)|W € [175] U € [Q,@]} )
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and price and profit profiles {p(b+(v),y:(v)),ws (v), Re(v), w(bt (v))| Vo € [v,7]}, such that
(i) the allocation {c; (i), e: (i), k% (v)} solves the agent’s optimization problem in (A52);
(i) the allocation {l; (v) , k¢ (v) , gt (v) ,n¢(v) } solves firms’ maximization problems in (2b)
and (A54), with b; (v) satisfying (3a) and k; (v) = f; ki (v) f (i)di for v € [v,7];

(iii) goods markets clear: (3d) holds; N

(iv) labor markets clear: (3e)-(3f) hold;

(v) the government’s budget constraint (A55) holds;

(vi) price and profit profiles {p (b;(v), y (v)),w, (v), Rt (v), 7 (bs (v))} satisfy (2a)-(2c).

Proposition A3 below shows that these tax and subsidy polices, along with the
second-best allocation, can form a tax equilibrium that satisfies all the conditions (i)-
(vi) above.

PROPOSITION A3. (Tax implemenatation) Let the government spending be G, and the
second-best allocation of the social planning problem be

A" ={cp (1), e7 (i) Kt (0), 1 (v), 9t (v), 4 (v),mg (v),bF (v)}-

Then, the profiles of taxes and subsidies, including the personal income tax 73 in (A51)
and the linear profit tax rate 77 (v) and the nonlinear R&D subsidy S} (¢; (v),n¢(v)) in
(A53), satisfy the following two conditions

T

1
max .
qt (v),m (v) SZ:t R (v)

[(1 =77 @) 7 (b5 (v)) = Cq (45 () = Cn (ns (0)) + 5% (45 (v) s ()]
(A56)

Get [ 8t i (o) oni ) o< [ £@) 1 ({K" @} Li @) ] i+ [ ) (b7 () o,
B B (A57)
which can implement the second-best allocation in a decentralized economy.

PROOF OF PROPOSITION A3.

First of all, the price and profit profiles {p (b (v) ,y; (v)),w; (v), R} (v),w (bf (v))} are
set to satisfy (1c)-(2c) with respect to the second-best allocation.
Second, we need to show that given the price profile, the second-best allocation
{cr (i), e} (i), ki* (v) Vi, v} solves the agent’s utility maximization problem (A52). Based
on the income tax 7; defined in (A51), we can find that the best strategy for agents with
type ¢ is to restrict their labor income and capital allocation in a sector v, respectively, to
be w; (j)e; () and k:i * (v) for some j € [i,i]. Therefore, the agent’s problem (A52) can be
transformed as the following problem:

s 35 [uei ) - (MEQE0)

Since the second-best allocation is incentive-compatible, then j = i. Hence, the
second-best allocation indeed solves the agent’s maximization problem.
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Third, we need to show that the second-best allocation also solves the firm’s profit max-
imization problem. Since price and profit profiles

{p(0r (v), 7 (v),wi (v), By (v),7 (b5 (v))}

are set to satisfy (1¢)-(2c) one can easily find that the second-best allocation {I} (v),k} (v)}
solves firms’ maximization problems in (2b). We can also prove that the second-best
R&D inputs {g; (v),n;(v)} solves the firm's maximization problem in (A54), by the use
of the R&D wedge s?t (v) and corporate wedge 7"t (v) defined in (4e) and (4c), and the
following two first-order conditions of the firm’s maximization problem in (A54):

T v
fae ()] (1 -7 () ( {2 ﬁw; (bs (0)) T (v) % —Ch (gt (v))) + (17" () 5" (@) =0
T v
ne (@) (1=77 ) ( {Z R%(v)w; (bs ()17 <v>] aifgv) —Ch (ns <v>>> — (1= W)™ @) =o.

The condition (A56) implies that the linear profit tax rate 7/ (v) and the nonlin-
ear R&D subsidy SY (¢; (v),nf (v)) guarantees a non-negative profit, which provides in-
termediate goods firms’ incentives to participate in the production, and the condition
(A57) implies that government ‘s budget constraint (A55) is met under the second-best
allocation. Finally, according to the resource constraint in the planning problem, it is
obvious that the second-best allocation clears the goods market. Moreover, based on
Proposition 1, it is obvious that the second-best allocation also clears the labor market.
Then, we complete the proof.

O
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