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Abstract
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hold sector, the public sector, and the rest of the world. The top priority of
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tify the efficiency outcomes and welfare implications of various tax reforms.
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2.1

Business Sector

Preliminary remark: Imperfect asset substitution in investors portfolio choices
leads to imperfect financial arbitrage. Thus net rates of return do not equalize. The
return on corporate equity is denoted by V¢ while the return on non-corporate

equity is 7. Both rates of return are given exogenously

The domestic gross interest rate is denoted by i/ and the net domestic interest rate

is 7 = (1 —1t")7#. The interest rate prevailing in the foreign country is given by i’".

Production & Investment

Time index t is dropped, if all variables refer to the same period.

Superscript f € {C, N} indicates the legal form of a firm; Index f = C denotes a

corporate firm and f = N a non-corporate firm.

Neoclassical, linearly homogenous production function:
vi=F(K' L/ ENY=F, K+F L+F/.E (1)

Capital accumulation:

GKl, =1 + (1 - 0K/ (2)
Exogenous trend growth:
G=1+g. (3)
Net investment:
IN/ =1/ - oK/ =GK],, - K. (4)
Convex adjustment costs:
J=J k=1 Jl + KT, (5)

with J[>0, J[[>O, Jrg < 0.
Corporate firm finance a fixed fraction [ of net investments via new share issues:
VNY = B(1 — 2377C)INC, (6)

- z3: tax credit on net investments (former variable e)



2.2 Financial Identities & Arbitrage

e Considered taxes: A tax on profits, 7/, one on dividends, 77/ and capital gains,
G,f.
T

Table 1: Taxes and Tax Factors

Corporate Firm Non-Corporate Firm Tax Factors

Profits i rPC PN oPd — (1 — 7P7)

Dividends 7D.f 0.6 — D DN _ oD — (1 — 7P)

Capital Gains 7f 7GC +G.N %! = (1 — 701)
PN

e While 77¢ is the tax rate levied on the capital income of corporate firms, 77V is

the personal income tax rate of the owner of a non-corporate firm.

e Since there is no dividend tax for non-corporate firms, the dividend tax revenue,

TP, stems solely from corporate firms:

TP = 7P:C. Div®. (7)

e (Capital gains taxes are collected from corporate and non-corporate firms:

TE =% 3on 79 |GV -V - VY] (8)

e Banks will charge borrowers a gross lending rate of ¢ and in addition agency cost of

m(b) occur within the firm:

m! =m/ (b)), with  m/;(b) >0, mj(®’) > 0. 9)

e A firm’s total assets K/ are divided between debt B/ and equity capital K/ — B/
and b/ = B/ /K’ denotes the debt asset ratio.

e Debt accumulates according to:



Net of tax profits are?:

i

YI—Jl —wlLF — §KT — (i"B +mf) B — TP,
THS = 7PIYS — JF —wl L) — (291 + 0) KT — (2P + m/ )BT — 23IN/].
(11)

In the basic scenario z; = 1 and z; = 0 holds, implying that only interest payments
on debt are tax deductible.

rf = oMY —J —w/Lf —mI B — K] — (1 — 78 2)it B BS 12)
+ (zor — 230) TP KT 7P 2317
e The flow of funds equation describes the usage and source of funds:
Divl + IN/ =/ + VN! + BN/, (13)

While V¢ and V" are the exogenous returns on domestic equity, i## and ¢#¢

denote the domestic gross rates of return for business and governmental bonds,
respectively. The corresponding net of tax rates are r# and r*“. The interest

rate for the foreign country is i¥" which is also the gross return on foreign business
bonds.

2.3 Corporate Firms

e Investments are either financed by retained earnings, 7¢ — Div®, which implies a
reduction in the dividend payouts, Div®, or by issuing new equity, VN¢ = (1 —
23tPOYINC, or externally by new debt, BN¢?

e Corporate firms follow the "New View" of dividend taxation and hence dividends
are determined residually. Plugging equation (12) into the flow of funds equation,

we derive an explicit expression for dividends:

Din¢ = B¢ [YC —J¢ —m°BY —wCLC — 5KC} — (1 — 5 P8 BC
+ BN 4 2,7PCr K¢ — [(1—5)(1—23713’0)} INC.
(14)

2Tf z3 = 0 true economic depreciation prevails, but if z3 = 1 we have the case of immediate depreciation

and 77 could be interpreted as a cash-flow tax.
3Here, replacement investments are always financed internally.
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e In equilibrium, an investor is indifferent between a financial and a real investment as

24

long as the returns of each investment are equal. While a financial market investment
yields a return according to the net of tax market interest rate, the return of the real

investment consists of net of tax dividend payments and net of tax capital gains:

Ctzcvtc - ezz Divf + 0% [GV,S, — VC — VNF]
r o=
1+ 037]140 = WDZU? ~VNC+ave, . (15)
rey © ) XC

GD,CQP,C OD’C

Introducing the two tax factors v = £—zf— and "¢ = [96‘7(1 - B) + 5} (1-—
PO

eD,C

23T as well as Q¢ = oo the formula for Xto is given by:

XC = APC|YC — JC —mCBC — uwCLC — §KC — (1*5;”7'CP’C)Z'H,BBC}
(16)

Non-corporate Firms

As opposed to corporate firms a non-corporate firm has no possibility to finance

investments out of retained earnings, since all profits are distributed to the owner,

implying Div™ = 7.

Thus, a non-corporate firm can only choose between new debt, BN”, and new

equity injections, VNV, as a possible source of finance for its investments.

The flow of funds equation for the non-corporate firm boils down to:

VNN = INY — BNV (17)

And the no arbitrage condition states:

s NV#i . — Div) + 09N [GVY, — VY —VND].
1
1+ g&,N]VtN - v DivN — VNN + GV}Y,, (18)
v N ~ v}
Te,YN Xi\f



. . P,N P,N
e Introducing once again the two tax factors vV = gcw and YN =11 pea 22 as

well as QY = 1, the expression for xV is:

stv _ ,YD7N YN _ JN _ i NBN _ NN — §KN — 1_92}:,7sz jH.B BN
b (19)

+ QVBNN 4 2552, PNr KN — TN N,

e Note, that the tax factors are different according to the organizational form of the

corporation!

2.5 Intertemporal Optimization

e The non-arbitrage condition links the net of tax interest rate on alternative assets
(Lh.s.) to the net of tax equity returns (r.h.s.). Thus, investors must spent their
money either on the capital market, earning a return equal to the net of tax interest
rate r;, or in firm equity, which yields dividend payments of D//V/ and capital
gains [GVJH — V;f — VNtf / th per unit of wealth. Rearranging yields:

o 727 o f !
[1+W]‘/t - WDt — VNI + GV
e 20)
Tet Xt
=> (1+re)V) = X+ GV,
with
X = A5V~ g —mIBf — WL — §KT — %iH,BBf] o

+ QIBNT + L0 zrPIr S — 4L INT.

e While V,;f is a beginning of period value, Vf’f = [1 + 7} f } th denotes the corre-
sponding end of period value. A firm can only maximize the end of period value

which satisfies:

. GVl
Vel =xI + HT:;' (22)
t1
e The Bellmann problem of the corporate firm states:
VeI(! By = max |+ VeI (i, B (23)
LY, 1, BNY 1+rel,, AR




2.6

We define the shadow prices for capital and debt according to:

av;e’! av;e
f t I — t

@ ad M=%
Tl T

The optimality conditions concerning the control variables labour, L/, invest-
ment, I/, and new debt, BN/, are:

() L. w = F,
) i ada = (1rela) P20 A1), (24)
(c) BN/ : M., = —(1+rel )0
The envelope conditions concerning the stock variables are:
() of = P |[FL - I+l + 2]
- (WP =)o+ Iff—gﬂ(l —9) (25)
() N = AP (- —mf — LB 4 ey

The marginal product of capital can be derived by combining equations (25a) and
(24b):
P.f

I7f b
Y 29T
F};—é:’r@tfm— Qp’f r{—m/fb?c (26)

To obtain an equation representing optimal debt policy, equations (25b) and (24c)
need to be combined, resulting in:

7{+1 g -zt g

0G7f = —Qf m’Jcbvamf—i-igP’f 1 (27)

The 1. h. s. represents the cost of equity while the r. h. s. denotes the cost of
debt financing. The optimal debt level is achieved if the cost of internal financing

are equal to the cost of external financing.

CBIT and ACE

If a "Comprehensive Business Income Tax" is applied z; = 0 and 22 = 0 holds.
Neither interest payments on debt are tax deductible, nor does a tax allowance for
corporate equity exist. The cost of capital changes to:

Lf

F};—(S:re{%—m’fb?, (28)



and the optimal debt equity position is given by:

D,f jH.B

o7
mfbf+mf+epf

T T or geF (29)

e In the setting of an "Allowance for Corporate Equity" z; = 1 and z, = 1 is true.
Interest payments on debt as well as opportunity cost of equity capital are tax
deductible. As a measure for the opportunity cost of capital we take the world

interest rate i. If an ACE is in place, the cost of capital change to:

and the optimal debt equity position of a firm is given by:

D7f

Tiy1 = m’by +my + 7] (31)

Qf . HG’f |:

2.7 Hayashi (1982)

Proposition 1 According to Hayashi (1982), the firm value is:

Ve =gl K + N B] + v/

Efzz
t+1 :

with VP11 =

Proof. Multiplying the envelope condition for the stock variable capital (25a) by th and

using the equation of motion for capital, equation (2), we get:

d K] = "7 [l - Kf+m’fb2Kf+zz§f ri|

)
- (WD’f—V )5Kf+ qm [GKH-I t} W

6

Applying linear homogeneity of the production and adjustment cost function according to equa-

tion (1) and (5), as well as using the optimality conditions (24a, b) equation (i) changes to:

d K = ADI [Yf—Jf—FfEf— 16K +23 erf}
+ AP A ING gl K

(i)



Multiplying the envelope condition for the stock variable debt (25b) by B{ and inserting the

equation of motion, (10), as well as the optimality condition (24c), we have:

_ P,f .
NB{ = P by Bl Pl B P55 8 ] »
+ Q'BN/+—< |\, B/
T N e e I

Adding equation (ii) and (iii) and bearing in mind that ’yD’fm}b?cth—vD’fm’fbef = WDm’fbf

(%K - ) = 0, and using the expression for X{ as given in equation (21), we arrive at:

G
@ K/ +\ B = x{ =P FR B 4 ———

7 [qf—&-le—l—l"}_)‘{—&-lBgﬁ-l] : )
I+reg,

: Ly . € G f?E ix
According to Hayashi’s proof, we have: V;fe— X{+1+re{+1 [qZHKfH—{—)\{HBfH—I—VHlf ],
i LYoy fy OV
what is equal to: V"= x; +1+r€{‘+1

as given in equation (22). q.e.d.



3 Household Sector

3.1 Optimal Portfolio Choice

o Asset A%: the first superscript, i, denotes the asset type, the second one, j, the

investor.

e While V¢ and V¢ are the exogenous returns on domestic equity, i/ denotes the
domestic gross interest rate (and i the foreign gross country interest rate). The

domestic net interest rate is rf = (1 — t%)i.

Asset Returns Demand

gross net

domestic equity (Equ):

corporate equity, AV¢ Ve iVe= Ve AVC

non-corporate equity, AVY VN VN= VN AVN
international tradeable assets (ITA):

domestic business debt, AP iB (1 —t')ihB = pHB ABH L ABF

domestic government bonds, AP# G (1 —')i1G = pHG  ADHH ADHF

foreign government bonds, APF it (1-— ti)iF: rf APEH L pAPEF

e The domestic portfolio consists of two portfolios, one which contains domestic equity,
AP made up of corporate and non-corporate equity and an additional portfolio
ATTA " consisting of internationally tradeable assets such as domestic business debt

and domestic and foreign government bonds. Equity is not traded (home-bias):

AH :AE+AITA :AVC+AVN+AB’H+ADH’H—|—ADF’H (1)

e Only in the long run, the net of tax average portfolio return equals the time prefer-

ence for the home/foreign country:

PVCAVC | VN AVN | [ HBABH | .HGADHH | ,.F ADF.H

= v =o' (2)

10



3.1.1 Domestic Equity Portfolio

e The different types of assets are imperfect substitutes since they yield different net

of tax rates of return.

e Due to the portfolio diversification motive the household chooses optimal amounts of
each type of asset to maximize his end of period wealth generated by these different

types of assets. For domestic equity this implies:
140

. 1 a o

AEqu = max { (aVC') -1% [RVCAVC] T+ n (OéVN) T¥o [RVNAVN] T+o
AVC AVN
+X [AFae — AVO — AVN]
(3)
where (1 +0) denotes the elasticity of substitution, R* = (1+ %) and "¢, oV are

taste parameters.

e The f.o.c. for the two types of assets state:

(a) AVC: — (avc)i(RVC)i(AVC)‘i{...ﬁ_A:o, "
(b) AYN: = (@) (RVN) T (AVN) T )T —a=0.

ave RVC

H-;a % e —(140)
e Dividing the two f.o.c.s: AVYN = |:aV_Ni| |:RV_Ni| (AV9) ' } and defin-

ing the portfolio shares "¢ and o', with "¢ 4+ a" = 1, the budget constraint

changes to:

o % ) () (5)
_ @VC APau | { [%} [gTVﬂ (achEqu) = } '

vC

e Solving equation (5) for aV¢ the optimal portfolio share "¢ could be determined

according to:

c g
(a) "¢ = % ave,
VN RN 17 VN (6)
(b) a = | gRoem| Q-

\%4

The optimal share a"V is derived by analogous calculations.

e The return of the composite portfolio is defined as:

REqu,comp — [aVC (RVC)O' + OéVN (RVN)U] 1/o (7)

11



3.1.2 International Tradeable Bonds

e The portfolio consisting of international tradeable bonds includes domestic business

debt as well as domestic and foreign governmental bonds.

e The optimal portfolio composite contains internationally tradeable assets is:

e rén e )
e o L @) TR (@) (RO AP
AB, ADH  ADF I (aDF)m [RDFADF]T%L

+ A[AITA_ AB _ pDH _ pDF]

where 1 + p is the intertemporal elasticity of substitution with y < o.

e The f.o.c. state:

==

(a) AB: = (aB) " (RE) " (4B)  {.} -r=0,
e 4 T 9
(b) APH. — (oPH)7" (RPH)TT (ADH) T {3y _x=¢, ()
(© APF: ()T (RP)TT (APF) T L) A =0,
e The optimal shares of each asset i in the portfolio of international traded assets is:
) ] Rz w
a'=a' (W) ) (10)
e with
RITA,comp: |:OéB (RB)N' + OéDH (RDH)N + OéDF (RDF)H'] 1/n ) (11)

Lemma 1 The optimal share of, for example, governmental bonds in the portfolio of

international tradable assets is:

RDH 1
CLDH _ aDH ( )

RITA,comp

Proof. Dividing (9a and c) by (9b) we could write each single asset type dependent on
ADH.'

I
B _ P ([ RB DH
A = DH | RDHE A
DF pr (gPF\M  pE ;
A = SDH RDH A (Z)
ADPH _  ,DH ITA

12



Substituting these expressions into the portfolio budget constraint ATTA= AB4+ APY 4 APH g
using the fact that AP = aPH AITA we get:
AITA_ of [ REA\" + ol (RPPNY + 1| aPH AITA (i1)
| oPH \ RDH oPH \ RDH

Defining the return of the composite portfolio as in (11), the e optimal share aPf is derived by

solving equation (ii):
DH DH RP 8
a = (W) (7/7/7/)
The same steps are repeated to derive the optimal shares of the two other types of bonds:

B H
(a) a® = of (W) ; (i)
DF H 1v
(b) G,DF = O[DF (%) .

g.e.d. H

3.1.3 Overall Portfolio

e The optimal overall portfolio is derived in the same manner as it was done for the

domestic equity portfolio.

e Optimal portfolio shares are:

(a) oTA = % 7 alTA
Equ o REqu,comp g Equ (12)
(b) a - ROP,comp o 9
using the definitions (11) and (7).
e The composite return for the overall portfolio, RO is:
ROP,comp: [aEqu (REqu,comp)N + aITA (RITA,comp)N} p ) (13)

e For the calibration we also need to determine o/ knowing returns R% and assets A"
from data. From the foc we know that (see i) o™ = [ (RM)# /AP AMh /(RAM ),
Summing up and imposing Z oM =1, we get:

j

i AMJREy
S A (R

13



3.2 Utility Maximization

e We use a Ramsey agent who takes the utility of all future generations into account.

Thus the agent can be interpreted as an infinitely lived dynasty. Preferences are:
U =u(@)+p- Ui = S 9™ u(@) - (14)
e (); denotes individual consumption less the disutility the of work:
Qi=Cr—o(L7) . (15)

e This special form of preferences is needed to eliminate any income effects in the

labor supply decision. We rely solely on the substitution effect.

e Financial assets, A, consist of interest bearing assets and firm equity. For simplicity
we use B = B¢ + BV:

AH — AB’H + ADH,H +ADF,H + AVC’ + AVN. (16)
e Disposable income consists of net of tax labour income plus governmental lump sum
transfers denoted by T/.

e Since a tax allowance on labour income, LT A;, does exists the tax base of the labor
income tax is: w;L? — LTA;. Accordingly, net of tax labor income is given by
thf — TL(thf — LTAt) = (1 — TL)U)th + TLLTAt.

e Moreover we expand the expression for disposable income by —(1 + 7¢)¢ (L) and

get therefore!:
i = (1= 1hw Ly + 7" LTA + T/ — (14 79)p(L7) - (17)
e Financial wealth accumulates according to the interest income on financial assets

plus disposable income less consumption. Using equation (15), the equation of

motion for household’s assets states:

GAfL = U+T)AT +yf = (1 +79Q, (18)

IThe term: —(1+7)p(L;) enters equation (17), since we use Q; in stead of C; in the corresponding

expression for asset accumulation.

14



3.3

where 7; denotes the average net portfolio return, according to:

(1—t) [Z'H,BAB,H 4 jHGADHH | Z'FADF,H] 4 VO AVC 4 JVN gVN

Ty = AH (].9)
Solving forward equation (18) the intertemporal budget constraint is derived:
L+m)AT = Y1 +70)Qs + (L +70)e(LY) — (1 = 7H)w.L7
. i &
— THLTA,—TH]- ] Ty

According to the intertemporal budget constraint, equation (20), consumption is
limited by total wealth, TW;, Total wealth consists of financial wealth, (1 + 7;)A;,

and human capital, H;:

S(1+790,s T — = (1 +7) AT+ H, = TW, . (21)
s=t u=t+1 (]- + TU)
Human capital is defined as the present value of all future disposable income:
Hy =Y [ =" w, L + 7" LTA + T — (14 75)p(L2)] - ¢ (22)
s=t u=t+1 (1 + 7’“)
Intertemporal Optimization of Households
The Bellmann problem of households states:
U* (A") = max {u(Q) + pU* (AfL)) st (18)}. (23)

Q+, L7

Defining k; = U} /OAL, the optimality conditions for the controls LY and C; are:

’ 1—7L

() Lf: ¢ () = 5w,

b) Qu: W (Q) = ki (1477)p/G, (24)
_ _ G (Q)
=> Kt+1 = p(H—th)

Let [ denote individual labor supply, while ~ represents a scaling parameter and &
the labor supply elasticity. Given this functional form of the disutility of work, the
individual labour supply is:

g . ll+1/a
o) =7 =>1, =7

th] . (25)

15



e Aggregated labor supply is then given by: L7 = I, - N, where N; denotes the size
of the labor force in the economy.
e The envelope condition for the stock variable A states:

147
Afl LRy = %Ht+l . (26)

e Thus, the Euler equation for consumption is:

u(Q) _ 1+7¢ p(l+Ter)
u (Qt-i—l) 1 + Tg—l G ’

(27)

e Applying a CES utility function?, and constraining the optimal consumption pro-
file by the intertemporal budget constraint, an expression specifying the marginal

propensity to consume is achieved:

14 7E)t-e
mpc; = d+m)” , (28)
e
with me;=—= (HT;C)FU —.
> e I [or(e80) ]
s=t u=t+1
e In steady state 7¢ = 77, = 77 and p = 1—% holds, implying that the marginal
propensity to consume is equal to:
mpc?® =1—p. (29)

e But this is not true for the transition path. Solving forward the expression for mc,

we arrive at: o
1 —0
mpctTR = (Lt 7)) — ) (30)
(1+ 7)1 +§° ( G > MCii1

1+Ft+1

e Thus, consumption is given by:
(1 + th) Q: = mpcy - TW; . (31)

Proposition 2 The marginal propensity to consume is equal to mpc?® =1 —

A+t

1—0o
(7)o 467 (ﬁ) me41

p in steady

state and mpclTt = in the transition phase.

2If ¢ = 1 we have the case of a logarithmic utility function where (14 t¢)-Q; = (1 — p) - TW,.

16



Proof. Applying a CES utility function, u(Q) = ?1:—11//:,

elasticity of substitution, a closed form solution of the consumption function, as given in (27),

where o denotes the intertemporal

can be derived:

L] gy [y 0

1—|—TtC 1 G

=t+1

1+7)Q,=(1+77) Qv [

Restricting this consumption profile by the intertemporal budget constraint, equation (21), we

get:
1—0o
1 l—0o sl 1-0o S (;

14+78) Qil——+ 1+79 - i =TW i
L e b R A (3 B B

Thus, the marginal propensity to consume is:

1 C l1—0o 1 C l—0o
— (1+7/) _ (7)) (i)
0o 1-0o s . mcy
Dot [1 + Tg] o {p (15&) 1
C

Since in steady state TtC: TthH: 7 and p :% holds, the marginal propensity to consume

changes to: mpct:ﬁ: 1 — p, in steady state, while the correct formula for the transition

1—0o

(1+7¢)

1—0o
(1) = +67 (—1+?Ci+1 ) mett1

is: mpe,= .QED. m

3.4 Welfare Analysis

e As a measurement for welfare, we apply the equivalent variation. Therefore, we
compare before and after tax reform utility levels of the representative agent. Note
that utility is a function of total wealth.

e We start by substituting the CES utility function, u(Q) = ?1:—11//;, into equation
1-1/o

(14), the intertemporal utility function and get therefore: Uy = z:t Pt B 7o
sS=

e Then, substituting Q)5 by the closed form solution of the consumption function, as

derived in the proposition above, equation (i), we arrive at:

oL _|e 1 (32)
1= 1/o | mpe,  1—p|’

17



Solving equation (32) for @; and applying the definition (31), we can derive an
expression for total wealth as a function of utility, U;:

1+7¢ 1 ]

TWt:(if) (1—1/0’)Ut*+fp 5 (33)

1—0o

mpcy,

We now can compute the equivalent variation in wealth which is our welfare measure.
The equivalent variation specifies the differences in expenditures with respect to the
before and after tax reform utility levels U® and U!, using the pre reform price

structure p°:
EV =TW (U p”) — TW (U, p°) . (34)

Since we want to refer to welfare as an intertemporal measure, we have to convert

the difference in the present value expenditures into a flow variable. Keeping in

mind, that in steady state p = 1%? holds, we get:
EV = y+y(1—f?)+y(1%?)2+... = yl%p (35)
= ¢V = (1-pkEV.
Accordingly, the welfare change in percent of GDP can be computed as:
y? _ (1—p)EV (36)

GDP  GDP

18



4.1

International General Equilibrium

Public and Foreign Accounts

Governmental income is given by the total tax revenue, T'T'R;, which stems from
the profit tax revenue, 77, paid on firm level as well as the labour tax revenue, T,
consumption tax revenue, T, dividend tax revenue, T'°, capital gains tax revenue,

T¢, and the interest tax revenue, 7%, paid on household level:
TTR, =TY +T' +T° + T4+ TP 4 T¢ (1)

The profit tax is levied on corporate and non corporate firms according to equation
(11).

The respective tax revenue from each different tax is:

(a) TP — TP,C —I—TP’N ,1
(b) TP = ri[{HBABH | G ADIH | jF ADRH],
(c) T¢ = r¢C,

2
d) T = 7wl —LTA), @)
(e) TP = 71PDi°
(f) T¢ = Y2 7% [thil —yf —VNf} .

!The profit tax levied on corporate/non corporate firms is according to equation
(11).

Domestic governmental expenditures consists of public consumption C& and lump-
sum transfers to domestic households, T/, as well as debt repayments and interest

payments on debt, (1 + i#¢)DE.

Summarizing, public debt accumulates in order to cover public consumption, the
primary deficit T —TT R; and interest spending and repayments. Thus, government

debt accumulates according to:

GDC = (1 +i"DE + C¢ + T —TTR, . (3)
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e Defining the gross domestic product as output less the waste of resources due to

adjustment and agency cost:
GDP=3% % o y[Y/ =J —m/B'] . (4)

e The gross national product, GNP, is given by the sum of GDP and the net interest

income from abroad:

GNP — GDP""LFADF’H o ,L'H,BAB,F o Z‘H,GADH,F), (5)

J

NCEq= net capital export
indicating, that the net foreign asset position is: NFA = APEH — (ABF 4 ADHIE)
e The net foreign asset position of the home country changes according to:
G NFA,,,, — NFA; = NCE, +TB, , (6)

where T'B, denotes the trade balance, which is given by GD P less domestic absorp-
tion:

TB=GDP-Y % ¢yl —C-C° (7)

4.2 Walras Law

Lemma 2 Walras’ Law: The sum in valued excess demands is zero:
CEPVI = GG + G + G+ ) = ()¢

(14+"PY) B 4+ ¢ 4 wcth + ¢V =0.

Note: ¢/ = ¢/ = (= ¢ =0,

= A=V

=AY -V
&= A AP =5 G e

tDGH _ AtDH,H + A?F,H . DtG§

gov = GDE, —(1+iT)DE - CF —TH + TTR;;
CtL = ) ?:C,Nw{[ffs — L,
¢y = GNFA; —NFA,— NCE,—TB,
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Proof. Substituting (15): Q;= Ci—¢ (Lf) into the the asset accumulation equation, (18),

and rearranging it, we get:
GA  —A'=F A+ 3oy = D] L] + TP LTA+T (1 +79)C,. (i)

Applying the portfolio identity, (16): A= ABH J APHH L ADEH 4 AVC 4L AVN " and the
expression for the average portfolio return, (2): 7={(1 — ¢ ) 1B AB.H +(1—t )Z'H’GADH’H +
(1 —¢")i" APRH VO AVE VN AV /AT e get:

GAPT — AP GAPTT — AP 4 G APR T — APP L GAYG — AV +GAYN — AV

_ (1 —¢ ) HBABH + (1 ¢ )iH,GADH,H+(1 _ ti)iFADF,H+TVCAVC+TVNAVN
+3° 3wl L =TT —C—TF .
(i)
International tradeable bonds which include domestic business debt: > ?c:a NB,{ +¢P= Af
= AP L AT domestic government bonds: DS 4 (Poh= APH — APEH L APEE and foreign
government bonds: DF= APF = AtD F’H+AtD EE - are demanded by domestic and foreign in-
vestors while domestic equity consisting of corporate equity: V;C—{—C ve_ AIYC: Ay C’H, and non
corporate equity: V¥ 4 ¢ VN_ Ay N— AE/ N g only held by domestic investors. Moreover, us-
ing the definition of the tax base for interest income, (2): 1= 7° [iH’BAB’H + iH’GADH’H—l—iFADF’H} ,
we arrive at:
B B B,F G
> ?‘:C,NGB{-H_B{_’_GCHJ -Gy — t+1 +A +GDt+1 Dy
Gov Dgh _ ~Dgh DH.F | ADHF | ~ A\DF.H _ ADF.H
_C + GCtJrgl Y I _GAt+1 +At GAtH _At
HB B B,F H,G DH DH,F F ADF.H C C (M'?’)
= (A=A )+i 7T (A=A )+ APBE =GV
Gov
—GC/ S+ = GV LV =GN+ N vV eVe
+rVNYNE S 2wl LT T T T C,.

The net foreign asset position is defined by (6): NFA,= APTT —ABF_APTE " and the net
capital export is given by (5): NCE,= i APFH 1B APF _HG APILE — gupgtituting in

yields:
GNFAu=NFA+Y 5 onGBl = Bl + GGl = (P4 GDE, = DE+( "+ GG ="

= NOE~GV{, +V{ =G+ G + (N =GVE+V YV eve
+rVNUN 4 BE4i BN 4T DE+ S 3wl L+ T Ty =T -T—C,.

()
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Moreover, debt accumulates according to (10): Y. 2 f—C NGBt 41 Bf BNY+BNY, and the
governmental budget constraint, (3): GDt+1 (1+ HG)DG COyTH 3 f:aNT;tPJ_Ti
-7¢ —1t_TP _ Z ?c CNTG’f, as well as the no-arbitrage condition for corporate (15):
VCVC Div?— [th+1 VtC—VNﬂ —T%C  and non corporate firms (18): 7V NV,N=
[GVt Y1 Viv —VN i\] } —TG’N, simplifies equation (iv) as follows:
h ov
GNFA 1 +GCl + GO +GS+GCT + (¢
v
= NFA+NCE+Div¢+i""BB°—BNY -V N¢ (v)
+ a4 EBN—BNY-VNY+3 3 T+ 3oyl LI —C—CF

Applying the flow of funds equation for corporate (13): Div®= 7TC+BNC—I—VNC—INC, and
non-corporate firms (17): VN N— INN_BN?¥ . as well as the expression characterizing profits
(12): 7f=Y I —J —m! B —w/ L/ s KT —i""B BS —TPF and net investments (4): IN]= I} —6K],

GDP/
we finally arrive at the current account:

G(¢ + GO + G+ CEN) + GNFA, — NFA,
— NCE~+GDPS+GDPN—C,—CS—1¢—1N | g.e.d. (vi)

-~

T By

4.3 Savings Investment Identity

Lemma 3 The savings investment identity states:
ST 2 oy 8™ =2 v '+ ADS + ANFA. (8)

Household’s savings, ST, plus the retained earnings by firms, S/, are equal to the amount
of all investments within a economy, » ?c:o’ ~ 17, plus the change (increase) in the gov-

ernmental budget deficit, ADC, as well as in the net foreign asset position, ANF A.

AVC AVC’ H

Proof. Keeping in mind that domestic equity of corporate: VC , and non

corporate: VtN = AE/ N— AVNH, firms is only demanded by investors we rewrite equation (77)
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from Walras’ Law according to:

GAZT = AP+ QAR = AP L QAR - AP Qv — VGV, =V

= (1 —t)iTPABH 4 (1 — )i OAPHH (1 — )i ADPH VOO p VNN )
+ 2wl LTI+ T -C-TF .

Substituting in the no-arbitrage condition for corporate (15): rV¢V,C= Dwt [th 1 Vtc —VN tC ]
—T%C and non corporate firms (18): rVNVN= 7N [th+1 ViV—VNiV] —TG’N we get:
GABAI_ ABHLGADIH _ DRI | GADEH _ 4DRH 522 yN] — 0
5 6 7

= BABH G AP P ADRH iy D@ — TP 4 ) T

-~

1 s
+ zf onwi L =Ti+Ti—(1+79)C,.
b e

(i)
The right hand side of equation (ii) explains household’s savings, SH as the difference
between accrued income and spending, namely: after tax interest income (1) plus net of tax
dividend income and income from non corporate firms less capital gains tax (2) plus after tax
labour income and governmental transfers (3) less consumption spending (4), while the left hand
side shows how savings are invested. Household’s savings are invested in , new business debt (5),
new domestic and foreign government bonds (6) and new firm equity (7). The usual definition
of private savings does not include unrealized capital gains in asset holding but measures the
difference between realized capital and labour income after taxes and consumer spending.

To arrive at the above state savings investment identity we use > 2 f—onBi= I = AB= AB H AB Fand

Df= APH— A? HH AtD H.F and keep in mind that the net foreign asset position is NFA,=

DF.H B,F DH,F
At ’ _At ’ _At ’ :

GAP - AB+GDH1 Df+G NFA—NFA+ Y 5 o NVN{= 5" N

ADtG ANFA;

Following the equation for debt accumulation, (10): > ?:C,NGB{_H—B{: BNY4+BNY¥ and
applying the flow of funds equation for corporate (13): Div®= 7¢4+BNY4+VNCY—IN®, and
non-corporate firms (17): VN~ + BNY = IN" as well as the definition of net investments
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(4): INT=I{ 6K/, we have:

H

Div®—gC 16— KC+IN —6KN + ADS + ANFA, =S, (i)

Since replacement investments are always financed via retained earnings, savings of corpo-
rate firms are: S¢= WC—DivC—l—(SKtC, and savings of non corporate firms are: SN=§K?.

Substituting in we get:

ICHIN+ADE + ANFA, = ST +8°48Y,  qed. (v)

4.4 Rest of the World

e The foreign economy (rest of the world) merely serves to close the model.

e There are no taxes.

4.4.1 Foreign Production

e The production sector is described by:

F
Ve(KtF) = max {Wf—l— G = Ve(Ktil)} s.t. GKthrl :ItF—l— (1 —5)KtF, 9)

L IF L+ri,

where V¢ once again denotes the end of period firm value according to: V,° =
(1+rf)Vi

e Profits are given by:

m = F(K L) —w Ly — I} (10)
e Optimization yields:
(a’) LtF wf = Féf )
(b) If: gy = 1+rfiy, (11)
© KF:oaf = Flptofdhs
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4.4.2 Foreign Households

e The portfolio of a foreigner consists of foreign equity, domestic business debt as well

as domestic and foreign government bonds:

AF :AV,F+AB,F+ADH,F+ADF,F (12)

e The foreign average portfolio return is determined by:
‘H,B A\B,F | ;HG ADHF | :F ADF,F
_ PP ARY £ T AP gt AP
= A =p" (13)

e Thus, wealth of the representative foreign agent accumulates according to:

GFAL, = (1 +)A +w/ Ly —Ccf = TF (14)

e where
T = (i" —gr)D"

e Lifetime utility is maximized by choosing optimal consumption level, C', in each

period of time:

U(A]) = max {u(C]) + p"U(A; 1)} s.t. (14). (15)

e Solving the maximization problem the optimality and envelope conditions state:

Cf (O =X oG (16)
F 1+7F
Dt : )‘f = pF)\ﬂl ’ GFt ’ (17)

e Therefore, the Euler equation for the rest of the world RoW states:
u(CF) _ prA 4T

= 18
WOy o 1)
e The solution to the foreigners’s consumption problem is:
1
Cf =mpe] -TWS,  mpef = — (19)
me;

with

o0 S
mey =3 1

s=t u=t+1

GF l1—o GF l1—0o
i =1+ 7 F 20
7 () ] o () e o

and TW}E = (1 +7[)AF + HE.
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e The human capital in the foreign economy is:

~F ~F
s=t u=t+1 1 + i 1 + i

F__x( FrF\ T GF N\’ FrF Gr e
H, :Z(wsL) IT p"( ) =w, L + H (21)

e In steady state the marginal propensity to consume simplifies to mpcg9 SE -
-1

l1—0o
while it is {1 + p° <G—F) mc,ﬂl} in the transition phase.

P,
147
Proposition 3 The marginal propensity to consume is equal to mpcts SE 11— p in steady

TR,F
state, but mpc, T = = L -
1 () el

i the transition phase.

. 1-1/c
T 1-1/0
elasticity of substitution, a closed form solution of the consumption path, as given in (27), can

be derived:

Proof. Applying a CES utility function, u(Q) , where o denotes the intertemporal

PR (1+75H1° ‘
Cs=0C, I {PG—F“ : (4)
u=t+1
Substituting equation (i) into the intertemporal budget constraint of RoW, equation (?7), we
get:
S| () = (i)
C o ( — ) =TW,, 7
e Bl 1+r7 !
mcf

implying a marginal propensity to consume of mpcf :m—iF , with
t

me =3 11 [po( G" )1_1 _ (i)

s=tu=t+1 1+rk
. . __@QF . . . SS,F__
Since in steady state p = 7777 holds, the marginal propensity to consume changes to: mpc; ™" =
— 7T L =1 — p in steady state, while the correct formula for the transition is:
e Hu:t+1 [pu.plfa}
mpctTR’F: GFl > .qed. =
1469 (1+Ff+l) mcf+1
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Appendix

A Functional Forms
Al Trend Growth

e IFOMOD includes a fixed exogenous trend growth, X;, of labour productivity [and
the fized factor]. According to a linearly homogeneous production technology:

5;;/ - F(Kt, XtLt, XtEt)- (All)

e Since L; is assumed to remain constant in the long run, manpower becomes increas-
ingly productive with labour saving technological progress. Therefore, labour input
XLy will grow with the productivity growth rate g,

e We analyze a long-run growth equilibrium where the capital output ratio remains
constant. This requires capital and output to grow at the same rate g. Variables
such as capital, consumption, etc. can be divided into a trend and a stationary
component:

K, =X;-K, = K, = K;/X,. (A1.3)
In the stationary case, these variables have to be detrended. For example, the
production function reduces to: Y; = F(K}, Ly, E;). leading to.

e Taking the equation of capital accumulation, Kt+1 =1+ (1-— 5)I~(t, as a example,
we notice that difference equations refer to different time periods. Dividing this
equation by X; and noting equation (A1.2), we get:

K1 X 1 K,

=L i1-0) = GKa=1I1+(1-0K,. Al4
X X - X ( )Xt tr1 =1+ (1-0)K; (Al.4)

e In the long-run equilibrium of balanced growth, the stationary component is time
invariant, K;,; = K; = K, leading to:

I=(g+0)K. (A1.5)
e For the household’s utility function u = In(Q), things are a little bit more complicate
since consumption is subject to trend growth while labour supply is stationary.

Therefore, we assume that the opportunity cost of leisure must increase with the
rate of growth due to higher wages.

Q=C—-X-p() (AL.6)
Stationary variables are thus obtained by detrending the above equation.

e The advantage of this detrending convention is, that all equations look the same as
in a continuos time model.
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A2 Factor Demands

e Production in each sector uses capital, Ky, labor, Ly, and a sector specific factor,
Ey. The sectoral index is f € {C, N} .

Y; = F(K;, Ly, BEf) = FL-K;+Fl - L; + FL - F; (A2.1)

e We apply a linear homogeneous CES technology with o as the elasticity of factor
substitution:

Y = A, [df LT 4 (l—dp) KT+ E;T”} - (A2.2)

e Marginal products::

(a) Fx = [p/EJY7 - (1—dp)- A7,
1-d;\°? o
~ K= (F—Kf) -Yf/lA} .
b) F, = [YVi/LAY . ds AT
( ) L { f/ f]df - ! flig (A23)
— Lf: (F_L> -Yf/Af .
1=
(© Fe = [Np/E)7- A7
— L= (F_1E> . Yf/A}_U.
e The capital labour share is:
K, [1-af F[]”
Ly — 2F _ L A2.4
e The functional forms of the factor demands for capital in steady state is:
FENCERS! . =
Kf:Af-Ef{[u—df)/(FIé-Afv N -7 (1-dp+dpky7 )}
(A2.5)

and the labor demand is then: Ly =1y - K ., where Iy = 1/k;.

e In temporary equilibrium the stock of capital is predetermined and thus the labour
demand is given by:

[Ay - dy [ wg]" ™7 —dy

et (A2.6)
(1—dp) K, 7 +E; °
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A3 Adjustment Cost Function

e Every investment results in additional adjustment costs .J/ which stem from dis-
ruptions due to the firm’s internal reorganization. The adjustment cost function is
assumed to be linearly homogeneous in / and K and convex in investment.

J=JNL K= - JN(I,K)+ K. J.(I,K) (A3.1)
with  J{ >0, J, >0 = J.<o0.

e In balanced growth equilibrium adjustment costs are zero, such that they do not in
influence the steady state solution, J/ = .J/ = JL = 0. The functional form of the
adjustment cost function is of a quadratic form:

JI=JNI,K) = %(jf —-6—¢)°K/, with j=I/K'. (A3.2)

e The first derivatives with respect to I and K respectively, yield:

(a): JI = v =d-9),
(b) : J[f( = _% []2 _ (5+g)2] . (A3.3)

e Applying optimality (24b), optimal investment is given by:

f
. q
WG —0—g) = I =177 (—f - W) . (A3.4)
L4repy

e Using ¢/,, = ‘?fft“ as well as K/, = 1/G [jf +(1— 5)] K/, and solving for I}

t+1

yields:
1 2
if = S |=af +/(af) —4df | . (A3.5)
with:
() af = 1-26—g+~" /"), _ (A3.6)
(0) of = (1=8) [T =8 —g] - S -

A4 Agency Cost Function

e With rising indebtedness, the higher the firm’s vulnerability and thus the higher the
real cost of default. Following the applied literature a positive relationship between
the agency cost m and the firm’s debt ratio b is assumed:

m! =m/ () wm'H)>0 w'®)>0 o =BI/KS. (A4.1)
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Following Strulik (2003) the functional form for the agency cost of debt m(b) which
can also be interpreted as deadweight loss is:

(a) mf(bf) = mlpmel
(b) m' () = mg—m(%2)?>0, (A4.2)
() m'(b) = 2.mimlso.

The optimal debt policy of a firm is derived by combining, equations (25b) and
(24c):
f o

oY

Totally differentiating yields:

le’H,B

s

re{H Qf (1 — 7B/ )it B

vaf 'YD,f N (eP,f)2

+ ] d 780 =[mf b +2m)]d b’ . (Ad.4)

Missing a corresponding empirical study for Germany, we use the empirical evidence
from Gordon and Lee (1999) to calibrate the agency cost function. According to
the data, a 1 %-point increase in the profit tax rate leads to a rise in the debt-asset
ratio of 0.36 %-points:

[Tefﬂ Qf (Q—xurDf)HB ZliH,B]

P, D, 2 P,

LA L ) N "y (A4.5)
d thf [m}'b—l—Qm’f}

Replacing the denominator by using the derivatives of the agency cost function we
can write:
ma

2

Thus, we can compute an explicit value for m; according to:

(A4.7)

. 1 [re{+1 QO (1 =z 7Pl zliH7B]
1

— 2 ] 036 eny ,}/D’f o (ep’f)Q + eP,f

Substituting the first and second derivative of the agency cost function into the
expression for optimal debt, equation (A4.3), we are able to compute an explicit
value for my dependent on m;:

f _ . Pf\;HB
;9 (1 — 21757 )i } (ALS)

1
m2:b+—2m1 {retﬂfyl)’f — I
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B Comparative Statics
B 1 Financial Behavior

e Substituting (24c) into (25b) an expression determining optimal debt, as in (A4.3)

is derived: ( ) b )
1—-t) v 11—z

While the left hand side represents the cost of equity, the right hand side represents
the cost of debt finance.

re/ =

e Totally differentiating of the cost of equity yields:

1

) 1
—Zm 5" dtG (BQ)

dr = (1—9)

cdt+ (1 —t)i

e Computing percentage changes according to : 7 = dr/r, where dr denotes the
deviation from the initial value of r,and defining ¢t = dt/(1 —t), to avoid division by
zero, we get:

A . ; _4G i\ - 4G
F=dr/r = —ipgdt' ey + (L= Oigepdt© a5 B.3
oty _dtS G i (B-3)

- 1)

e Rearranging (B.1) to get an expression determining the cost of debt and the cost of

equity: A
, (1=t Qf 1—zu7h)
mfbf—l—mf— (7 ’)/D’f — P 1. (B.4)
e Totally differentiating yields:
(1=t
+ ooty - dtC (B.5)
i(l*tl) dtU

+ (1—tG)(1—-t0)2 *

B2 Investment Behavior

e Taking the expression for the marginal product of capital (26) and substituting (27)
into it, we get an expression for the cost of capital as an average consisting of the
cost of equity and the cost of debt weighted by the debt asset ratio b:

f — bP.f P,f
T I, 1—z7) 29T
~ N - \H,—/
£ cost of debt adv. of ACE

cost, of equity
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D, C’ pP,C D,C
e In the case of a corporate firm we have: y7¢ = ¢ plea b and v ZG = as well as

D,C
O° = ZGT, since we assume [ = 0 indicating that there are no new share issues and

that depreciation follows true economic depreciation, z3 = 0. Moreover, z; = 1 and
Z9 — 0:

ei,C'i .

e Totally differentiating yields (with 8 and z3):

d(Fg —0) = — i, =2l (b5 + (1= B) ] - dt?
+ (1=t g5t [ + (1= A1) - dt” B
T R =y g T (B8)
+ (1 _ti>it 11—_z:z5U 6 (1_1D)2 - dtP

If the debt asset ratio, b, has been chosen optimal, a marginal increase in on of
the tax rates will have no effect on the optimal debt asset ratio, according to the
?-Theorem.

P,N P,N
e For a non corporate firm we have: PV = gGA,N and yN =1 — TGGNZ‘"’ as well as

QY = 1. Moreover 2 =1, 20 =0, 23 = 0:

ei,N'~ .
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