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Appendix: technical description of  CORTAX

This appendix documenBORTAX Section 1.2 derives from profit maximisation, the demand
for labour, capital, location specific capital, intermediate inputs and financial assets for domestic
and multinational firms. Taxes on corporate income, labour income, consumption and wealth are
introduced when appropriate. The tax revenues have to meet the government expenditures on
consumption, transfers and debt, see section 1.3. The market equilibria and the linkages with the
Rest of the World are presented in section 1.4. Section 1.5 presents the solution procedure.

Notation follows some simple rules. Upper case symbols are used for aggregated values
whereas lower case characters are reserved for per capita variables (in terms of the young
generation in the country of origin). In the case of variables with two dimensions, the first index
refers to the country which owns the resource (residence), whereas the second index denotes the
using country (destination). Time subscripts and country indices are dropped in the exposition
whenever this is possible.

The rates of return on bondsyt) and equitiesr(ye) are assumed fixed. The considered
countries are small in the sense that they can import (or export) capital from the Rest of the
World (ROW) without affecting the world interest rates. In other words, the net supply of capital
by the ROW is perfectly elastic. Multinationals are assumed to operate only in the other ‘small’
countries, but not in the ROW (and vice versa). The ROW block does not need to be fully
modelled. International capital and good flows are restricted by the current account for each
country.

Households

The overlapping generations framework follows the standard Diamond model (see Heijdra and
Van der Ploeg (2002), Chapter 17). An individual is assumed to live for two periods: a working
period and a retirement period. In deviation from the standard Diamond model, we assume that
each period consist of T years. To keep the model tractable, we make a few simplifying
assumptions. First, the consumption share in income is assumed constant when young and when
old (i.e. within each period of T years). Since all income components grow at the annug,rate
consumption when young and when old grow at the sameggat8econd, young individuals
supply the same amount of labour each year, independent of productivity growth. Old
individuals do not work and thus have only non-labour income. In sum, households have to
choose consumption patt§(1+ ga)® andc§(1+ga)® for thes = 0,.., T — 1 years in both
periods.

Both young and old individuals hold assets in bonds and equities.
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1.1.2

Population

The generation sizes are denoted\ByandN©°, respectively. Total populatidd = NY + N°
might differ over countries but the population growth rgtes set identical for both countries
since we focus on the steady state. This impl#és= (14 g,)"N°. The relative population size

is written as

on(i, ) = NY(I)/NV(]) ()

Consumption and labour supply

Labour supply has to be a constant fraction of the time endowment. Therefore, we have to
specify felicityv such that labour supply is constant even if productivity is growing. One option
is to assume log-utility in consumption combined with a unit elasticity of intertemporal
substitution, cf. Heijdra and Van der Ploeg (2002). A more flexible approach, which we will
adopt here, is to assume that the value of leisure is growing at the productivity gromf.rate

Cy(r)q?il +a (Al(r)lA(T))O]Ti1 - #£1
W (r) = 1 ! \ a (1.2)
()T (A(r)l(r)) T a=1

wherecY is consumption of goods,is leisure] = 1—1 is labour supplyg is the weight of
leisure andy is the intratemporal substitution elasticity between consumption and |&ist/ee.
assume that both consumption per capitaAngrow at rateg,. This implies that

v (r+1)=(14ga)v¥ (7). Equation (1.2) is combined with a similar expression for the ‘old’

generation, with the restriction that= 1, in:

1 [Tzlvy(wr)l—l/f’u Tlv°(t+T+r)1_1/"“]

Po
ut) = +=
1-1/ou | & PG i TZO Pé

1

T-1 T
T |y\lYeu Poo 1-1/0y 1+0a
1-1/0y [V (t) +PJV (t+T) :| Z ( (1.3)

=0 Pu

Wage income equals (1— 7)), wherew denotes the gross wage rateis the tax rate on

labour andv = w (1 — q) the after tax wage rate. When young, total income, consisting of wage
incomewT and lumpsum transfetsY, is divided between consumptia and savings (net of
interest incomed,, see (1.4). Households of the old generations receive transfethe pure

profits accruing to location specific capftal® and they dissave, see (1.5). We abstract from
bequests, such that households’ wealth equals zero at birth and death. Net savings for young
households are:

F(t,t) = (L— )W)l +trY () — (1+ ) (1) (1.4)

1 Sgrensen (2001b) models labour supply differently by considering imperfect competition on the labour market. Unions
with monopoly power set the wage rate and working hours by maximizing its members’ expected consumer surplus from
work. Since the wage rate exceeds the market-clearing level, a fraction of the workers gets unvoluntary unemployed.

2 We assume that location specific capital (a fixed factor) is owned by the old generation.



sitt+7)=(14+0a)'s(t,t) 0<z<T

and similar for old households:

STt t+T) =7t +T)+trot+T)— (14 z)c°(t+T)

(1.5)
SSEt+T+7) =(14+0a) 'so(t,t+T) 0<z<T
Households accumulate wealth (assgtaccording to:
at,t+7)=psat,t+7-1)+sf(t,t+7), 0<7z<T, att—-1)=0
att,t+17)=psalt,t+7—-1)+s(t,t+7), T<r<2T, at,t+2T-1)=0
The wealth of the young generation accumulates as
alt,t+7) = s)(t,t) ij J(14ga), t=0,.T—-1
p —(1+ga)T
att+T -1 =s{(t,1) § pd 1 (1+ga)) = ttsi 1.6
( ) = Z}p ga)! =S)(t,t) “(itg) (1.6)

Similarly, the wealth of the old generation decumulates as:

alt,t+T+7)=psalt,t +T+7—1) +s0(t, t+T+r)
‘r+l

=piTrat,t+T—1)+s(t,t+T) sz J(14ga)! 1=0,.T-1

For wealth in the final year (at agd , this implies:

a(t,t+2T —1) =pda(t,t+ T —1)+0(t,t+T) szT 114 gy)!

—(140da)
=pdat,t+T—1)+s°(t,t+T # 1.7
Combine (1.6) and (1.7) with(t,t + 2T — 1) = 0 and obtain the lifetime budget restriction:
Ot t+T
SX(t,t) — _LT)
Ps
o) o] o (0]
WOl +trY(1) — (14 ) (1) _ (=4 T) +tr (t+;T) (14 7)c®(t+T)) (1.8)
S

Using the constant-growth assumption, we can write the budget equation for pasod

;
W +trY (1) — (1+ ) (t) = — (“/;ga) [70(t) +trO(t) — (1+ 76)c°(t)]

(1.9)

Maximizing (1.3) subject to (1.8) yields the first order conditionsdqr andc®, wherea,
denotes the Lagrange multiplier for the budget constrint:

W (0)~Yeu (‘g((OOD e T;j (1;%)5 — Au(lt ) (1.10)

3 Strictly speaking, a non-negative restriction on labour supply should be added. However, this restriction is normally not
binding in this case.
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A (0)1—1/0| vy(O)—l/"u (Vy(o))l/q TZ: (Jﬂ?‘)s = 2,W(0) (1.11)

i(0) Pu

The first order conditions (1.10) and (1.11) imply that the marginal rate of substitution between

consumption and leisure when young should equal the net wagé rate:

. oA (1+1) qu
| = <VV ) A (1.13)

The first and third equation imply the Euler equation:

R Em) ()

Use the assumption of steady state growth, meaning thatctaoitlv grow at rateg,, to rewrite

this in terms of consumption in the first period as:

(zZEg)l/ml/au <S;Eg§)l/q . <pu(1f;a)1/%>T w10

Portfolio

The portfolio consists of bonds and stocks, which are perceived as imperfect substitutes. Bonds
of different origin, yielding the same net interest raig)(are considered perfect substitutes.

The same holds for domestic and foreign equities. Total wealitspecified as a

CES-composite of aggregate boriand equitie®:

a=|ossb s +(l—og)se o (1.15)

1 ostl -1 Gs+1:|7o-g§_1

whereqs is a taste parameter aiag the substitution elasticity between bonds and stocks. The
total (after tax) return on the portfolio satisfies:

ps@ = ppb+ pe€ (1.16)

wherepy denotes the gross after tax rate of return on asset compasite: {s,b,e}). The
optimal portfolio composition is found by maximizing (1.16) subject to (1.15), where the

Lagrange multiplier is seen to equal the total rate of repdrThe first-order conditions imply:

Os
b= (ff’) oa (1.17)
S
pe\”
e= (pe) (1-os)a (1.18)
S
_1
ps = [ospe 4 (1 a5) pg ] = (1.19)

4 In the gams-program we fix A (0) = 1 in the base year.



In the general case holds that e < a, meaning that a fraction of wealth is lost in making the
aggregate.
Proof. From (1.17)-(1.19), one can derive that

b+e asp®+(1—as)
a r
with p = pp/pe

r= [ocsﬁ"erl +(1- as)] =

After some manipulations, one gets

~ 71 ~
d(b+e)/a _ 0s0sp™T asp* +(1— ) o1/ g s

ap r r2
OO ﬁo‘sflrfl/as R
== (1-as) (1)
implying that
<1 >0 <1
~ b
p=1= 0B _o o bie_y
>1 <0 <1
]
114 Taxation of portfolio income

Capital income is assumed to be only taxed in the country of residence. Tax authorities have full
information about these income flows. Dividends, capital gains and interest income from bonds
are taxed at the ratg, 7y andz, respectively.

The after-tax rate of return on bonds is then by definition equal to:

pp=1+rp=1+Fyp(1—m) (1.20)

whereryp is the world rate of return on bonds. The net return on equity pe — 1 will be
derived below in equation (1.56).

115 Aggregate consumption, wealth and savings (in a given period)

Aggregate consumption (per capita young) grows atgai€and only if

c(t,t) = (14 ga) (t — 1,t — 1). We have already assumed that the consumption profile for
each young person & (t —1,t) = (1+ga)c¥(t — 1,t — 1). This implies that in a given period all
young persons (of every birth year) consume the same aned(ifand every old person
consumes?®(t). In per capita terms, total consumption equrals:

cP(t—T-s,t

ct) = Z o’ (t—s)|c¥(t—st)+ ((1+gn)T)

5 The assumptions on population in section 1.1.1 imply:

Ni(fs) _ (1+gn)78 Ni

= Se@igy s 7OV



c°(t)

= g

(1.21)

Aggregate wealth is less straightforward, as it is not uniform across generations. Observe from

equation (1.6) that for each household of the young generation holds:

péJrl _ (l—|— ga)i+1:|
ps— (14 a)

a(t—i,t):s}{(t—i,t—i){

Pé+l —(1+ ga)wl}
ps— (1+da)

}, i=0,.T-1

(g [
9i+1_
0—-1

—i |

where we defin® = ps/(1+ga). Similarly, for the old generation, using
a(t—i,t) = (14ga)'a(t,t +1i) in equation (1.7) implies:

at—T—i,t) = (1+ga) THa(t,t+ T +1i)

i+1 (1+ga)i+l

=1+ <T+”[ gt 4T —1)4 P8 Ot,t+T

107 —1 oIt —1
_ |:0|+l 1 79T 51 :|S,}|/(t,t)

Total wealthASis the summation over all young and old cohorts:

AS(t) = sz {wy(—i)a(t i) +wy(—i)W}
= NYs}(t,t)% (Ga; On, Ps) (1.22)
T_

! gitl_1 1 .07 -1 gitl_1
— Vi i i+1 _ T
%(ga7gnaps)—i;a’ ( ')[ 0—_1 +(1+gn)T (9 01 6 o—1 )}

such that in per capita terms:
as(t) = (W(t)l +tr(t) — ¢’ (t)] x (Ja, O, ps) (1.23)

wherey is a (country-specific) parameter, depending on population growth, productivity growth
and the return on savings. This parameter does not depend on time,MhkkelsY. This
implies that aggregate savings including interest income are:

1
(1409n)(1+Ga)

which equals zero if productivity and population growth are both zero.

S(t) = ASt) —ASt—1) = ASt) |[1— (1.24)

(I+gn)°

oY (—s) = Sodtgy) s Za}y(fs) =1
(s = NCO ML

where S is the generation born s or T + S periods ago, N/ (—s) is the size of the s-year old age-cohort and wY (—S) is the
relative size of this cohort (as fraction of the young population).
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Saving rate  As an additional piece of evidence, we might use the saving rate to calibrate the
model. One common definition of the saving rate is savings as fraction of households disposable
income. Savings are defined in equation (1.24). Disposable income is the sum over income of
young and old generations. Young households earn wage income, receive transfers and build up
assets for which they get interest income. Old households receive profit-income, transfers and
interest income. Note that only the interest income variates between households. This implies
that:

Yq(t) = NVTijV(—i) WO +tr¥ (1) + (ps — Da(t —i,t — 1)]

M NoTijy(_i) [7O(t) +tr°(t) + (ps — La(t — T —i,t - 1)]

mO(t) 4+-tro(t)
(140n)"

Combined with equations (1.23) and (1.24) we obtain the saving rate:

=NY {vV(t)I +tr¥(t) + }+(P51)A3t1) (1.25)

st [1— W@g)} %(Gay Oy ps) W1 +tr¥ — (1— )] w26)
T Yat) WY+ ZS 4 (ps— 1)72(Gay On ps) W1+ trY — (1 7)) '

Compensating variation In simulations, we compare the welfare impact of tax changes by
calculating the compensating variatiav). Thecv is calculated as the change in transfers to
young households required to compensate the change in welfare. The system of equations used
to calculatecv consists of the definition of welfare in (1.2) and (1.3), the optimal response of
labour and consumption in (1.13) and (1.14), and the budget equation (1.9).

The interpretation of thev is hampered by the fact that a welfare gain is represented by a
negative compensation. In the output tables we overcome this by reportiog,the= —100‘37",
wherey is GDP in the base case.

Firms

Three types of firms are active in each country: pure domestic firms, headquarters of
multinationals and subsidiaries of foreign multinationals. Firm’s types are represented by the
superscriptsl, mand f, respectively. Each country is endowed with a stock of a fixed factor,
named ‘location specific capital’. Its size is assumed proportional to the generatidt dize

avoid that productivity differentials would arise from differences in country size (cfr. Sgrensen
(2001a), p. 7). To be precise, this factor is called fixed since its supply is perfectly inelastic. An
individual firm can choose the amount of this factor optimally. In equilibrium, the fixed factor is
paid its marginal productivity. The three firm types are successively discussed in the following
paragraphs.
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Domestic firms
The marginal investor maximises the present value of the representative firm, which is equal to
the discounted stream of expected dividends. Uncertainty applies to the productivity of firms in
each year, as will be explained belW.he discount rate of investors residing in different
countries differs due to varying tax rates on capital income. It implies that the present value
differs between investors. To single out a unique investor, we assume that the marginal investor
is domestic.

The gross return on equities in peribdonsists of dividends and capital gains:

fweVd = Divd + 4, — @ (1.27)

whererje is the world rate of return on equityd is the value of the firm anBivd the
distributed profits. The net return on equityi, j) = pe(i, j) — 1 follows from subtracting

personal taxes:
rei, V(1) = fuel DV 1) — 2 DIV (1, §) = g(0) (V1 (1,1) — V(0. ) =
reli, IVE (1) = (1= 7a(1)) DIVY (1) + (1= (1)) (Lo () — () ) (128)

The second line follows from the assumption that each investor irrespective of its residence
country receives the same dividend and capital gain per shareDwithj) = Si Dive(i, j) and
VY(j) = 3;V4(i, j). This equation shows that investors who face different tax rates will value
firms differently. In principle, investors who require the lowest net return are willing to pay the
most for an equity. Under the assumption that the marginal investor is domiestig,(recursive
substitution of (1.28) shows that the value of the firm equals the sum over the present value of
the dividends:

V(1) = 5 APV R(T)  with Rsmzm (1.29)
— N re(jvj)
re(]): l—Tg(])
o 1—(j)
M=)

wherere represents the discount rate relevant for firm’s decisions. From here onward, we drop

the country index, since both the firm and the marginal investor reside in country

Production function Maximization of the firm’s value requires that an expression for the
dividends is derived. The first key ingredient is the production function, in which we introduce
uncertainty. With probability a firm benefits from a good event £ q) with high productivity,

6 We will only add expectatoins explicitly when essential.

7 The following analysis can be found in e.g. Salinger and Summers (1983).



but with probability 1— g it faces a bad evenk(= b). For the representative domestic firm

production is specified as:

ad

yOx — AdX (VA‘“) with 0 < oy < 1 (1.30)
1-gd

Ad,X — (AOXa)dNy> oy

whereY9* denotes total output, such tHafY?) = qY99+ (1—q)Y9P. AdX is the output
contribution of the fixed factoAY value-added and? the share of value-added in production.
The exogenous fraction of the fixed factor that is in use by domestic corporations is denoted by
Y. Value-added is a CES-function of employmeftand capitaK?:

od-1 ad-1 ;;%
VAT = Ag, [ay, (L) 7 + o (Kd)“’vf} (1.31)

whereay, is a share parameter asg is the substitution elasticity between labour and capital.
Note that we do not distinguish employment and capital between the good and bad case, as we
assume that firms has to decide on their inputs before the productivity shock occurs. The total
factor productivity (TFP) levelg serves two purposes: it facilitates the calibration of GDP and

it allows for the introduction of productivity growth. We assume that TFP is uniform within a
country across the three firm-types. In addition, we assume that its growtl, riataniform

across countries. We impose steady growth gith= g, and employment growth equal to
population growtty,. Equations (1.30) and (1.31) impligg = gva= (1+0a)(1+0n) — 18

Marginal productivities are derived as:

d

ayd,x d Yd,X d A1-1/09 VAd7X 1/ay

oLd (aV VAd,x) aV|A0~,>< < Ld ) (1.32)
d

gYdx d ya.x d Al-1/cd VAdX 1/0y

oKd — (av VAd"X> aVkAO,X < Kd > (1.33)

Debt or equity financing The second ingredient for the expression of dividends is the
determination of the debt ratio. Investment can be financed by issuing bonds or by retaining
profits (issuing new shares is not consider®d@he world gross real rates of return on bonds and
equities are denoted bny,p andrye, respectively. First, an interior solution for the financing mix
is obtained by assuming that both debt and equity financing are extremely costly at the corner:

ch(dh) = zo(1—d)) " (d) P —chy i=dmf  withy,e>0 (1.34)

8 The growth rate gy applies on the steady growth path to Y,wL,D, |, I'I,ﬁ, Div.

9 In the model of Auerbach and King (1983) individual firms will either choose debt or equity financing, but an interior
solution with both debt and equity financing at the firm-level requires very strong restrictions. At the industry or
macro-level, an interior solution is feasible if firms are heterogenous, with varying preference for debt or equity financing
(like with varying risk aversion).



whered] is the firm's debt-asset ratio amfjis the cost of financial distress per unit of capital.
This cost represents the output which is lost as financial decisions distract managers from
productive activities. The partial derivative of this cost w.r.t. the debt-ratio is:

acl iy —1 iy —1 iy —(1— L

S =) (1-dh) e (d) a0 (1) (ch) ® (1.35)

b

= [(@-a) (1) - e (d) ] (ch+ho)
This implies that the cost function has its minimum at:

Bmin=e  With ch(d) min) = %0 (1 — )" (&) " —cho

Whend], , is used to set this minimum equal to zero, we can calibrate the actual debt-asset ratio
with the parameters, andyg. The sensitivity of the cost function w.r.t. changes in the debt-ratio
will depend on both parameters, but mainly g whereas, first of all represents the debt rate

at which financial distress costs are minimized.

Dividends  Firms make profits after a good event, but losses after a bad event. The losses made
in periodt — 1 can be carried forward to periodThe notional (i.e. before loss carry forward)
tax base in both cas€¥* of corporate taxation is defined as:

A% =YX —wi? — (BodSRup -+l ) K? — (8 + pe(1— d)Re) D¢ — oI (1.36)

wheregf, is the deductible fraction of interest paymerfisis the deductible fraction of equity
paymentsg; the depreciation rate of capital for tax purpod@$ the stock of depreciation
allowances andl is the fraction of investments which can be expensed immedittépminal
returns to debt and equity are (or might be) deductaRlg:= (1+ fyp) (1+ 7) — 1 and

Re = (1+r¢) (14 7) — 1. Only positive profits will be taxed, where losses of the previous period

(which have occured with probability-1q are caried forwardK):

ﬁd,b
Fd—_ 1 1.37
t (1+7)(1+gy) (1.37)
g =99 (1) (1.38)

When exponential depreciation is allowed for tax purposes, the accumulation of depreciation

rights is similarly specified as the accumulation of physical capital:

fiscal :DZ,; = 18 + (1 &)D? (1.39)
economic K& ; =18 + (1 - §)KZ (1.40)

10 Notice that the tax base includes fixed-factor income, which justifies a positive corporate tax rate.

10



whereld stands for investment ar§{ for the real depreciation rate Corporate taxes are equal

to z¢119.12 Dividends now follow from the cash flow restriction:
E(DIV) = () —wel{! — (i o+ o ) KE =M — qef A — 184 o, KE 3 — d kP (1.41)

wherel9 denote returns to fixed factors.

Profit maximization ~ The firm is assumed to maximize its value (1.29), subject to the

accumulation equations (1.39)-(1.40). The Lagrange function is written as:

L= i {/\ E(Div) —Ad 4 (D§+1 —1d—(1- &)DS) —udy (K§+1 18- a- @)KQ)} Re(1.42)

The first order condition df? gives the marginal productivity condition:

oYY (1-0)7,

S = mw =wifq=1o0rAyp=Agg (1.43)
where
B 1-q - ALD g AdD
9_q<1+ 1+r_e> A"=qg+(1 q)Ad»9+1—71-,,(1 e)m (1.44)

With the CRS production function and perfect competition, each production factor is paid its

after tax marginal return. This will also hold for the fixed production fa¢tefiNY):

nd = (1— 1,9) a(j;:;y)mdNy — AF (1— f;,’) (1— ay) yd (1.45)

The optimal debt ratio has to satisfy the condition:

acg,t _ Te— 79 BeReD /K _ <fwb_fgﬁbﬁv‘/b> (1.46)

odd, — 1-—1d 1-¢d
Since debt normally carries the lowest financing cost(fyyp), condition (1.46) generally
implies thatd? > &, andacd/add > 013 The first order condition of investment gives

(1—@)A%+u = (1— 01, 0)A (1.47)

11 The specification (1.39) yields a similar optimal condition for capital as in Serensen (2001b). One could favour a
change of the time index for investment into t + 1.

12 A difference with Sgrensen (2001b) can be noted. The value of the depreciation allowances in OECDTAX (see (67), in
our notation) is

&(&+r)
D=
& (&+r)
Since D and K grow at rate gy in the steady state, (1.39)-(1.40) imply
& (3 +9y)
D=—"—K
= G

Normally holds that r > gy and & > &, implying that the tax allowance in OECDTAX is larger (for a given K).

13 Instead of I'e, Sarensen (2001b) uses fe in the equivalent of (1.46). Normally, fe < fe holds.

11



The condition for the state variabl® is:
[ A2 (84 Bol1— d)Re) + (1~ &) | R = A¢Rs-1(1+ 7) (1.48)

At the steady growth path the shadow vakfeis constant at the value:

A9 0ed (8 +e(1-d)Re)
A Re+ &

which is the present value of the stream of depreciation allowances for one unit of capital.

(1.49)

Finally, the first order condition for capital can be derived as:
aYs

AT 2 (1 o) = A — Ny (Fun— 07 BoRun) — A+ 1 (1 a()] R
t

- (/\d{it — utd> R_1 (1.50)

Use (1.47) to simplify this expression to:

avyd

——= =C 1.51
where we define the user cost of capital stotland the marginal cost of financé as*

AF(1—1)c? =194 & + (1—db) 072 feRe

0t [p(Ret 8) + (1 9) (6 + (1 ) o) (;;‘f;) (1.52)
rf = o (Fup— 7 BoRup) + (1) (Fo— ofeRe) +cf (1.53)

The value of the firm is shown to be equal to the sum of the values of the physical and the
accounting stock of capital, see Salinger and Summers (1983, eq. (14)):

Va=A(1-dd)K?+29(D9 - KY) (1.54)
As dividends grow at ratgy = (1+0a) (14 0n) — 1 at thesteady growth pattan alternative
expression is easily found:

_ ADiV¢

v - with fe > gy (1.55)
e Yy

Furthermore AVY = g,V in the steady state impliBiv? V9 = fy,e — gy in view of (1.27).
Substitution in (1.28) yields:
re(i,j) = (1—a(i)) (Fwe(i) — gy) + (1 — (i) 9y (1.56)
re(j) = A(J)fwe(j) +(1=A(j)) 9y (1.57)

14 Notice that the only difference with the corresponding condition (69) in Sgrensen (2001b) concerns the effect of
depreciation allowances. Whereas the discount rate r9 is assumed for depreciation allowances in OECDTAX, the rate I'¢
applies in our dynamic context.

12



122

Multinational parent company

The domestic operations of the multinationals are analogously specified:
YK — AT (YA AT with 0 < o < 1 (1.58)

whereY™* denotes total outpuA™* the output contribution of the fixed factor, an@™*
value-added. Multinationals hold fractiaf" = 1 — w9 of the fixed factor. Value-added is a

CES-function of employment™ and capitaK™;

AMX _ (AQmeNy)l—a&" (1.59)
VA™ = Agx o (L™) " + ol (K™) < (1.60)

Marginal productivities are similar to (1.32) and (1.33). When the corporation’s debt-asset ratio
di' deviates from, it has to pay financial distress costs, cf. (1.34). The marginal cost of finance
is defined as:

™ = dyy (Fwb— B8z Rub) + (1— ) (Fe — feBTzRe) + Co (1.61)

The parent company suppli€X j) units as an input to its foreign subsidiagjryWhen the tax

rate on profits differs between both countries, transfer pricing might be attractive to shift taxable
profits between the jurisdictions (Sgrensen (2001b), p. 24). However, charging a different price
than the real cost (i.oq # 1) involves a type of organizational costs. The cost arising from a

distorted transfer price is assumed to be:

|p _1‘1+€q '
Cq= Tre with &g >0 (1.62)
9Cq _ .
= — =sign(pq — 1) |pq — 1/
S = SiOn(Pa—1)[pa 1

The notional corporate tax base is given by

AMX = Y™ —wL™ 4 ; (Pa(i) —1—¢q(i)) Qi) — (Bodp'fwb +cp') K™
IEA

— (& +Be(1—dy)Re) D™ — I ™ (1.63)

Again, only positive profits will be taxed, where losses of the previous period (which have
occured with probability - q are caried forwardR), but losses of subsidiaries will not be
consolidated:

ﬁm"b
FM=——t1 1.64
t (1+7)(1+0gy) (1.64)
fip = AP (1 Q)" (169

The dividends originating from domestic operations are:
E(Div"™) = E(Y™) —wL{"+ ; (Pq(i) = 1—cq(i) Q(i) — (af}fwn +cf) K —Mf"
IEAl

—qr™AM— 1"+ A KT, — K (1.66)
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The optimal decisions of multinationals follow from the maximization ofdtsl value, which is

described in the following paragraph.

Multinational subsidiaries

Production of the subsidiary in countfyis given by:

YIX(j) = AFX(]) ABQ(j)®@ VATX ()™ with 0 < aq +af <1 (1.67)
l—a\,f—a
AfX — (Ao,xwaV) ‘ (1.68)
f
o'\,f—l o'vf—l ;:VTJ_
VA™X()) = Aox | afy (L'(1) &+ (KT(D)) = (1.69)

whereY " denotes total outpu\’ the output contribution of the fixed factdp, the intermediate
input andvA' value-added.

The equity of the subsidiary is assumed to be completely provided by its parent, implying
that the equity cost equals the opportunity cost in the parent’s cougtiy)( The multinational
finances the remaining fraction of the capital stock by issuing bonds at the,go3the

subsidiary’s marginal cost of finance is written as
(1) = dy (1) (L= % (D) Fan+ (1= 0y () ) (Feli) — Beb5Re) + 5 (1) (1.70)

where financial distress cosré‘. are defined in equation (1.34). Its notional tax base is defined
according to the foreign jurisdiction:

ATX(5) = Y'%(5) = W)L ()~ pa(1)QU) — (Bo(i)e] (1)Fwn -+ c5 (7)) K (1)

— (&+Be(1—d])Re) D' (1) — 0(I)1™(}) (171)
such that
f_ n'
N T T mtg) e
n{ ={9- (1—Q)th (1.73)

Remaining profits flowing to the parent company followas

EOIV" () = B4 (1)) = we ()L (7) = Pa(1)Q(I) — (s, (1)Fuwp + 5 (1)) K¢

—w(j)L
—an{ (j) = (DA () =1 (1) +dpa (DK (D) — Ao (D) (1.74)
Profit maximization The multinational maximizes the value

V"= 5 ADVIR = T A DI+ S DV ()| R (1.75)

15 pure profits of foreign subsidairies are assumed to accrue to the old generation living in the parent country.
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The optimal factor demands and debt ratio are derived similarly as for the domestic firms. For
labor (cf. 1.43):
oY (1-0)1,

LM~ (1—¢,)AF

)
)
(i —0)1; .
aY'(j) (1 G;AFW(J) w77

w (1.76)

()~ (11
For investment:

A™ 07 (84 Pe (1 df) Re)

A SR (1.78)
f(i i i i (1—de)R.
1/51) _ GTn(J)(&(J;zrjfilée(l df) Re) (1.79)
For capital:
AF(1— 7)™ ="+ & + (1—db) 07 feRe (1.80)
~ 0% 8-+ R+ (1- )1 )R]
AT()(A—z(i)e' (1) =" (1) + 8+ (1 do) 072(}) el )Re (1.81)
—ern(J)[&(i)Hp(j)R_ﬁ(l—<p(i))ﬁe(1)(1—db)§e]R?%Sj‘j)
For the fixed factor:
M= (1—a")(1—zMATY™ (1.82)
M) = (1 aq—ay)(1- 77 ()ATY'(]) (1.83)
For the debt ratio:
j;i’; _Te- i’ljesz/K - (bezz"fffﬁWb) i=m,f (1.84)

In addition, the expressions for intermediate inputs and corresponding transfer prices are derived
as

”
AW (1)) = omg(i) (0 5/ (D) + (L ca(i) (105l j#i (185)

9¢all) (g om) — 41(j) - o (1.86)

From the last condition follows that the multinational shifts profits to the jurisdiction with the
lowest tax rate, sincpq(j) > (<)1 if o () > (<)

T

The first order conditions also imply that the value of the multinational equals the value of
the stocks it owns:

VT =A1-df'—079) K"+ A" [(1+7) D™ — (1— )K" +A(1—0q)qrF (1.87)
Foreign direct investment (FDI) is defined as the equity-financed part of foreign capital:

FDI(i,j):(1—dg(i,j)>Kf(i,j) (1.88)
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124 Aggregate production

Gross domestic product is defined as the sum of production of all firms in a country corrected for

the value of intermediate inputs in foreign subsidiaries:
Y(0) = a [YH90) + Y™+ Y Y I + (1= a) [YER() YR+ YY)

125 Marginal effective tax rate
For calibration as well as for output purposes, the effective tax rate is calculated. An effective tax
rate is defined as the relative difference between pre and post tax capital costs. The effective
marginaltax rate ¢X) is relevant for marginal investment decisions. In our model the effective

marginal tax rate equals:

x_ = (cm=0)
Te—f

wherec* is defined in (1.52), (1.80) and (1.81).

. x=d,m,f (1.90)

1.2.6 Tax haven

This section introduces profit shifting to a tax haven. We assume that MNEs (not domestic firms)
can shift part of their tax base to a tax haven. MNEs therefore know by their all their decisions,
that only a fraction of their return is taxed against the statutory tax rate (at source).

We assume that a fractiagnof the tax base is shifted to the tax haven, where it is taxed at rate

7. This implies that the benefits from tax shifting are:

bth = 6(z"—zMHN (1.91)
Tax shifting is, however, costly for firms. We specify the cost of profit shifting as:

cth(e) A—l/ylerll;yy“ (1.92)
The optimal choice of the fraction of tax shifting is then:

0" =A(z™— ") (1.93)
This implies that the net reduction in tax-payments for firms become:

bth — cth = zMA (1— 1+1}/> (T,T—T,?) 7/HI:I (1.94)
The ’loss’ in tax revenues for the domestic government is:

Mo M = tMA(z" — N7 (1.95)
The gain for the tax haven is equal to:

P A NCAL T (1.96)

For MNEs, profit shifting to the tax haven implies that the effective statutory tax rate, which
determines the optimal demand for production factors reduces with a fctor.
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1.3

Location choice

Another extension refers to location choice. The literature on foreign direct investment
emphasises that investment is not only responsive to the cost of capital, but that also
inframarginal investment and location choices are important. One reason may be that firms earn
firm-specific economic rents that are mobile across borders. Such rents can be due to patents,
brand names, specific managerial talents or market power. Firms then locate their affiliates in
countries where the average effective tax rates are relatively low.

We do not explicitly model the origins of firm-specific economic rents. Instead, we
endogenise the value of economic rents earned by a multinational in each location by making it
dependent of the corporate tax rate. In particular, suppose that the multinational owns a
firm-specific fixed factoe, which it can allocate between two countriesandw;. If the firm
maximizes the sum of profits in the two locatiofg ¢ I1;) given in equation (1.82), the first
order condition with respect to the allocation of the fixed factor in counteads as

dn dy; dY; doj
—=1-9)1l-a)—+1-7)1l—a)———=0 1.97
Given the production function (1.58), this yields a simple expression for the marginal value of
allocating the fixed factor in each of the two locations. Using this production structure, we can

write the optimal share of the fixed factor in the two locations as:

1
o _VA [1 T‘l ’ (1.99)

o VA |1-7
whereV A denotes the composite input of labour and capital. Hence, the share of the fixed factor
allocated in countny relative to country falls in the tax rate in country relative to country.
In the model, we make the simplyfying assumption that the share of the fixed factor of a
multinational in a specific country depends on the statutory tax rate in that country, relative to
the weighted EU average (where we abstract from the value-added terms). The responsiveness
of the fixed factor to this tax differential is set so as the replicate empirical estimates on the
impact of corporate taxes on FDI.

Government

Tax bases regarding dividends and capital gains are aggregated over the firm types as:

Div(i, j) = Diva(i, j) + Div™(i, j) = (fwe — gy) E(i, }) (1.99)
AV(i, ) = AV, )+ AV™, |) = gyE(i, |) (1.100)

with E(i, j) = e(i, ] )N°(i). Corporate tax revenues are:

CIT(i) = % ()AY() + = (i) [AM0) + 5 AT(L)]
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1.4

14.1

Government consumption is assumed a fixed fractipof GDP (defined in 1.89). The
government deld? is assumed to be a fixed fraction of GOP4 (i) = d_g(i)Y(i). The issue of
new debt due to economic growth covers the deficit of the government:

Oydg (i)Y (i) + 2 ()W (i)L(i) + 7 (i) [CY (i) +CO ()] + CIT(i)
w(i) Y Div(i, i) + (i) Y | AV(i, i) + (i) Y ; fwB(i, )
= g(D)Y (i) +trY (N (i) +tro(NO (i) + fupdg (i) Y (i)

In the following we will express variables in per capita terms (denoted by lower case symbols),

using as general rule:

(i) = g

where the denominator refers to the population in the country of otfgithe government

budget becomes:

(W (NY (i) + 7 (1) [ () NY (i) +¢° (i) NO(i)] + cit(i)
[7a (i) (Fwe — Gy) €(i) + 7g(i)gye(i) + (i) Fwob(i)] NO(i) (1.101)
= ag(i)y(I))NY (i) +trY (DN (i) +tro()N(i) + (Fwb — Gy) dg (i) y () N (i)

wherecit(i) is the corporate tax revenues per capita (notefhéj, i) is expressed per capita of
countryj).

Market Equilibria

Good markets

The total capital stock in countiyis obtained by taking the sum over all active firms:
d m
K(i) = K1)+ K™( +ZJ¢| (j,i)
The sum of the financial distress costs is abbreviated as
Co(1)K (1) = c§ (DK (D) + ' (K™) + 3, ¢ (1. DK T (1,1) (1.102)
Equilibrium on the goods market in each country requires (including a time subscript):

(i) =G/ (1) +CP(0) + Kira (i) = (1= 8 — cp(D)Ke (D) + Y (1+Cq(1,1))Q(, ) +
(i)Y (i) +EXe (i) + (s(i) — b(i) —e(i)) N (i)

whereEX denotes total net exports of the final good, i.e. exclusiv@ @fote that gross bilateral
exports are undetermined). The last term at the right-hand side represents the resources which

16 Total pure profits per capita are defined as 7 = 7l zm 4 Yj# zf (})- Note that z° in (1.8) is now rewritten as
y T
== N =r(l+a).
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1.4.2

1.4.3

are lost in making the saving composite. In per capita terms the steady state equation for good

market equilibrium, noting that both population and productivity grow, becomes:

y(0) —cy<i>+(1‘fg:ﬂ+k<i><l+gy><1akcb<i>>k<i>+z#i<1+cq<i7j>>q<i,j>+

ag(i)y (i) +exi) +s(i) —b(i) —e(i) (1.103)

Factor markets

Since domestic and foreign assets are assumed perfect substitutes, net foreign holdings of bonds

(bw) and equitiesd,) follow from equilibrium on each asset market (Notice thl%gcl =NP):
b(i)NC (i) +bw (i)NY (i) = df (1)K (i) + A" (DK™() + 5, dy (51K (j,1) + g (1) Y (-104)
e(INC(i) +ew(i)NY (i) = VI(i) +V™(i) (1.105)

When a country wants to issue more bonds than it holds, foreigners are willing to hold the excess

amount by, > 0) at the given world interest rate. Analogously, domestic residents own part of
the foreign firms whem,, < 0. Labour supply should equal total demand for labour, or:

19G0)+17(0) + Y L G Den(i,) =10) (1.106)
Extension: In the basic version the world interest rates are exogenous. In an extended
version, the interest rates on bonds and equity are endogenized by postulating a simple reduced

form. For each asset, a linear relation between the world interest rate and net capital demand of
the EU is specified:

-y xw(HONY (D) _
rwx_mw—km, X—b,e (1107)

Balance of Payments
Net foreign assets are defined as the value of the assets a country owns minus the total value of

all assets issued by that country:
FA() = [B(i) +E(1)] —dg (i)Y (i)
= (VA0 + K@) + V™) + dPOK™) + Ty (VL) + (DKL) )|
Using equilibrium on the capital market in (1.104) and (1.105), one can derive an alternative

expression for the net foreign assets:

FA() = — [Bu(i) + Ba()] + Y i V™00, ) =™ (1.1
The Current Account equals the Trade Balance plus net foreign earnings on bonds, equities and
FDI:

CA(i) = _fbi\N(i) - fWeEW(i)
3 [PV ™) AT = RV ™ (1) = (L)
FEX()+ S [Pa(i-1)Q( ) — Pa(i.1)Q(. 1)
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In view of the Balance of Payments definitibA; 1 = (1+ gy)FA. = CA + FA, one gets:
— (fwb— 9y) Bw (i) — (fwe — 9y) Ew(i) +
S it | (Fwe=G)V™ (0, 1)+ (1, §) = (Fwe—gy) V™ (3,0) =11 (1,0)] +
EX()+ Y i [Pa(i, 1)QU, 1) — Pa(i,1)Q(},)] =0
The per capita expression is easily obtained:
— (Fwb—y) bw (i) — (Fwe — gy) 8w (i) +
Y i [(Fwe— @)V (i, 1)+ 2 (0, 1) + pa(i, Da(i. )] -
S i | (Fuwe=g)V™ () + 7" (1.1) + pa(isDa(i. )] an(ii) +ex(i) =0 (1.108)

wherewn(j,i) =NY(j)/NY(i) is a short-cut for the relative population sizes.
Solution method

The model is implemented in GAMS. It is solved as a Constrained Nonlinear System, for
which the number of equations has to equal the number of vari&biEse price of the good is
taken as the numeraire. Due to Walras law, one of the equations is redundant. In the

GAMS-program the balance of payments condition (1.108) is dropped but checked afterwards.

17 Knowledge of the brief GAMS tutorial is sufficient for understanding the computer program.

18 Technical documentation can be found in www.gams.com/docs/pdf/cns.pdf or in www.gams.com/solvers/conopt.pdf
(Appendix A13.2). This method does not allow that variables are at their bounds in the solution.
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