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Abstract

This paper analyzes equity and bond positions in a two-country DSGE model where the
available number of varieties is endogenously determiend. In numerical computation of
zero-order steady state portfolios, we employ the method developed by Devereux and
Sutherland (2008). Households face not only nominal price but also variety risk in real
exchange rate fluctuations. With such a variety risk, home biased equity positions are
amplified further than the standard model in literature which incorporates investment
dynamics. The result is robust with or without firm heterogeneity.
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1. Introduction

The last 30 years have witnessed a significant increase in both goods and financial
assets exchange. For instance the share of imported goods in U.S. GDP has more than

doubled, from 4.8 % in 1972 to 11.7 % in 2001. In particular, the expansion of trade has
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been driven by so called "extensive margins", the number of available varieties, contrary
to "intensive margins", the quantity of a given set of goods. For the U.S. in the same
period, imported extensive margins have quadrupled (Broda and Weinstein (2004), Broda
and Weinstein (2006)). In parallel of such a trend, cross-border assets holdings have been
developed and gross external positions of major developed countries have exceeded its
value of GDP (Lane and Milesi-Ferretti (2003), Lane and Milesi-Ferretti (2005), Lane
and Milesi-Ferretti (2007)). What is puzzling is that, despite such a development in cross-
border assets holdings, still we continue to observe sizable home biased equity positions
among industrialized countries (French and Poterba (1991), Tesar and Werner (1995),
Obstfeld and Rogoff (2000)).

Cross-border assets holdings are useful for consumption smoothing, thus for mutual
insurances in consumption risk among countries. Optimal portfolio positions are consid-
ered against various risks which prevent such an optimal pass of consumptions. Both
fluctuations in relative nominal price of consumption baskets and those in non-financial
assets can be a source of such risk. In addition to these risks, fluctuations in extensive
margins should be a new source of risk in consumption. What is the implication of such
a "variety risk" on international risk sharing mechanism? The present paper addresses
this issue.

The recent literature has been developed around the attempts on the resolution of
"the home biased equity puzzle". When equity positions are used against consumption
risk induced by terms of trade fluctuations, except a special case where they contribute
perfectly for risk sharing (Cole and Obstfeld (1991)), a realistic home biased position
arises only when the elasticity of substitution between local and imported goods is very
small, smaller than unity (Uppal (1993), Kollmann (2006a), Kollmann (2006b), Obstfeld
(2007.), Civelli. (2008), Coeurdacier (2009)). The reason is that at the moment of real
exchange rate appreciation (expensive consumption goods), equity returns of domestic
firms rise compared to those of foreign because of strong income effect when the elasticity
is low.

Although theoretically possible, it is noticed that this class of models has counterfac-



tual aspect: between terms of trade fluctuations and equity returns there are no empirical
regularities (van Wincoop and Warnock (2006)). At the next stage of research, however,
this inconvenient aspect of the theoretical model has overcome by introducing nominal
bonds or forward exchange positions whose returns correlate perfectly with terms of trade
fluctuations, thus leaving equities to load on other risks such as labor income risk (Coeur-
dacier et al. (2007), Coeurdacier et al. (2010), Coeurdacier and Gourinchas (2008), Engel
and Matsumoto (2005)).

Our paper is built from such a point: there are real exchange rate and labor income
risk to be hedged using equities and nominal bonds. For that purpose we incorporate
cross-border assets holdings in equities and nominal bonds into a model based on Ghironi
and Melitz (2005) where extensive margins are determined endogenously. In our model,
the available set of varieties or the way to consume the same set of varieties in consumption
baskets would be different across countries depending on whether there is heterogeneity
in firms’ marginal costs. Such a variety risk in real exchange rate fluctuations cannot be
hedged by nominal bonds only. This is because nominal bonds returns do not load on the
'welfare-based’ real exchange rate fluctuations including extensive margins.

The hedging mechanism in our paper are as following. Successful home biased equity
positions as in the data are principally driven by investment fluctuations and induced labor
income risk. A home biased equity position can be a good position when induced labor
income flows and equity returns correlate negatively (Heathcote and Perri (2004)). But at
the same time such an investment shock induces fluctuations in extensive margins. When
a positive investment shock induces a higher number of varieties, hence a real depreciation
in welfare based, because equity returns decrease with such a positive investment shock,
home biased equity positions become also good hedge against this additional variety risk
in real exchange rate fluctuations. As a result, amplified home biased equity positions
arise. We explore this hedging mechanism analytically relying on static budget constraint
as well as numerically with the method developed by Devereux and Sutherland (2008).
The result is shown to be robust for the model with and without heterogenous firms.

Our paper hence adds further arguments why we continue to observe strong home biased



equity positions among industrialized countries. Expansion of trade in extensive margins
would account for that.

The paper is close to Coeurdacier et al. (2010) in the spirit which analyze zero-order
steady state equity and positions (and their first-order dynamics) in a DSGE model. A
major difference is that ’investments’ in this paper take the form of new firm creations,
not in the form of capital accumulation process. Bui (2009) also extends their framework
by introducing a nominal rigidity in goods price and find numerically a home biased
equity and short local bond positions in incomplete markets setting. Castello (2008) finds
analytically a home biased equity position using a static budget constraint in the model
including endogenous fluctuations of extensive margins.

The structure of the paper is as follows. In the next section we present the full
model including firm heterogeneity. In section 3 the method to compute zero-order steady
state portfolios is explained. For the purpose of comparison, the model without firm
heterogeneity is briefly presented in section 4. In section 5, portfolios are calibrated. In
section 6, we explore the intuition of portfolios analytically as well as numerically. At the

end we conclude briefly.

2. The model

There are two countries, Home and Foreign. Foreign variables are denoted with as-
terisk. Each country is populated by unit mass of households who consume, work, save
and invest. Holdings of financial assets cross the border. Saving is made by nominal
CPl-indexed bonds, issued by each country. Investment is made in the form of firm cre-
ation. Firms are supposed to be heterogenous in marginal costs. Households in each
country buy a share of mutual funds among heterogenous firms of both countries. There
are four exogenous shocks which hit all firms in homogenous way: on labor productivity
in goods creation (intensive margins) and that in firm creation (extensive margins) for

each country.



2.1. Households
The Home representative household maximizes the discounted utility, E,_1 > oo, 57 'y,

The utility at ¢ depends on consumption and labor supply as follows,

1+1

cl L, ®
U: t _ t , 1
t 1_7 Xl—l—é ()

where v > 1 denotes relative risk aversion. The parameter y (> 0) represents the degree of
non satisfaction from supplying labor, L; and the parameter ¢ (> 0) is Frisch elasticity of
labor supply!. With this specification the marginal disutility in providing one additional
labor is increasing.

B, is an endogenous discount factor which evolves as,

Bi1 =BT (Cas), By =1 (2)

Ca, is aggregate Home consumption which coincides to C; in our setting. We give a

functional form of T (C;) as Y (C;) = BC; ¥ where 0 < v < yand 0 < BC~? < 1. Because

Y’ (Cy) < 0, this specification of endogenous discount factor guarantees the stationarity of

the model including net foreign asset dynamics as explained in Schmitt-Grohe and Uribe
(2003). The consumption basket is defined as:

1

Ci= [0t Chy + (1= a)F O, 7] (3)

where o (> 1/2) is home bias in consumption. w (> 0) denotes the elasticity of sub-

stitution between Home local (C ;) and Foreign imported goods (Cr;). Each Cy,; and

Cr. basket is composed of Np,; number of Home and N% , number of Foreign varieties as

follows:
1 _1_
Np .+ 1-1 Nk -1
1-1 * 1-1
CH.t = VH.t / Cth;th s CF.t = VF.t / CfXUtde N (4)
0 0

'With ¢ = oo the marginal disutility of supplying labor becomes constant, xy. When ¢ = 0 the

marginal disutility becomes infinite and the labor supply becomes inelastic.



1 w1
where Vi = Ng.t b and Vi, = N Xﬁ ' ¢upy is the demand for domestic variety in

the Home country indexed by hD. csx; is the demand for an imported variety indexed
by fX. o (> 1) denotes the elasticity of substitution among varieties. ¥ (> 0) represents
the marginal increase of the utility which stems from consuming one additional variety
in each basket. We suppose conventionally ¢ > w. With the above specification the
preference becomes Dixit and Stiglitz (1977) when ¢ = ﬁ When v = 0 there is no love
for variety and the household is just satisfied by intensive margins.

The corresponding price indices are given by,

1
P, =[Py + (1 —a) P27, (5)
and
1 1
Np.t 1-o N% .+ 1=o
1 Y 1 o

Observe that price indices fluctuate with extensive margins whose impact is larger the

higher the love for variety, 1). The similar expression holds in the Foreign country.

2.1.1. Budget constraint
The period-by-period budget constraint for the Home representative household is given

by,

Ci + sna1mh, (Npi + Npi) + gty (Npy + Nisy) + bpaszy , + bpenah,
= wyLy+sn4Np. <xfm + Jh,t> +57NG, (xjf.t + c?f_t) by (mfm + %) +byy (:c*}t + %:) .
(7)
The price of Home consumption basket is taken as numeraire. The household finances
all existing firms in each country including new entrants whose number are expressed by

Npt and Nj,. spiy1(Sfe41) denotes share holdings into ¢t 4+ 1 and zj , (xjct) is real share
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price of Home (Foreign) mutual funds.2 dy, (d, 7.t) is the average real dividends among
heterogenous Home (Foreign) exporters and non-exporters. by, ¢11(bs+1) represents Home
(Foreign) bond holdings into ¢ + 1. Nominal CPI-indexed Home (Foreign) bonds provide
a nominal payoff, P, (P;). z%, (%) is the price of Home (Foreign) real bonds. w is real
wage and L, is labor supply by the household.

For the representative Foreign household, the real budget constraint expressed in terms

of Foreign consumption basket becomes:

Cf + 84175 (Np oy + Npy) + shia%hy (Npi + Net) + bft+1x + bjy 1
* T % * * ﬁt* * Pt
t
(8)
Note that asset markets clearings imply that spii1 + 8}, ;11 = Spe41 + 85,4 = 1 and
bnat1 + b 441 = bpagr + b3, =0, VL.
Also, we define the real exchange rate (); as:
P*

Q= ?i. (9)

We refer this to 'welfare based’ because it fluctuates with extensive margins as well as

nominal prices’ fluctuations

2.1.2. First order conditions

In writing the first order conditions about assets holdings, it will turn out to be useful

to define real returns of each asset as follows:?

2Equities in this paper take the form of mutual funds. This is for the simplification rather than a
good picture of reality. A notable exception is Martin and Rey (2004) which analyze ’extensive margins’

of assets.
3Notice that by considering motion of firms equations that we will see,

Npy _ Np. —1_¢ (10)
Npt-1+Ngi-1  Npy 1 +Np,
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t= (12)
Thi1 Tri1
This Tt %, and r?_t are gross equity/bond real returns between ¢ — 1 and ¢. Using these

real returns the first order conditions for Home and Foreign equity holdings become,

vy () L—reyE () 14
=T (Cy) By | —— Thi+1 =T (Cy) By Tt Trt+1 (14)
The first order conditions for Home and Foreign bond holdings become,’

o Ct+1 - b o Ct+1 - b
]_ = T (Ct) Et C Th.t_H, ]_ = T (Ct) Et —_—
t

C, Tfet1-
Observe that up to first order approximation these assets are perfect substitute. This rises

4

the indeterminacy problem of zero-order steady state portfolios as discussed in Devereux
and Sutherland (2008).

The optimal consumptions of Home and Foreign goods are given by,

P

P —w P —w
Chi = (%) aCy, Crt = < F't) (1-a)C. (16)
t

Equity returns, 7, , and 7}, include investment costs in the form of exogenous destruction rate as ¢

fraction of firms disappear in each period. As we will see first-order "static budget constraint" fail to
capture this investment dynamic.

4Those for the Foreign representative household become,

* -
1="(C})E, (Ct“) 2

Thiti A — s 1
Cy Qi+1

Cr 7 Q
T(CHE t“) I PP La 13
@B () g (13)
>Those of Foreign counterparts are,

* C:—i-l - b Qt * Ct*-‘rl - b Qt
1=7(C) By < Cy > Th.t-i—lm , 1=7(CY) E; Cs Tf'H_thiH' (15)




Using symmetry among varieties, optimal consumptions for each individual firm’s variety

are given by,

oo =it () O o=V () em 0

The similar expressions hold for the Foreign country.

For notational convenience we express real prices as follows:

- P4 - Pry _ PnDu _ DPrxai
PHt = ?7 Prt = ?t, PrDt = Tt, Prxt = Tt’
% P, % Pr, ¥ Phpt % p?X.t
Pat = Py Pri = By PhD.t = P—t*, Prxt = P_t*

2.2. Firms

2.2.1. Free entry
Supply side of the model is almost identical to Ghironi and Melitz (2005) except a
difference that entry costs are paid with capital goods as well as labor in our model.®
We suppose that firm creation activity needs an amount of firms setting up goods, fg.
The production of such goods is done by the following Cobb-Douglas technology using

labor [y and capital goods K; as inputs,

Zopdp\' [ K "7
(B ()

where Zg, is the labor productivity which is specific for firm setup and identical across

firms. 6 (1 — 0) is the share of labor (capital) in total entry costs. For simplicity, we
suppose the capital goods K; has the same composition as consumption goods, C}.

The cost minimization problem yields the following factor demands,

st = (3) 0/, K, = (i) (1-0) fr. (19)

oy t

6This would be more realistic specification. This types of specification of entry cost is proposed in

Bilbiie et al. (2007).



where 11, = (w;/Zg,)? is real entry costs.
At the equilibrium, share price should be equal to the costs for entry providing the

following free entry condition:

The similar conditions hold for the Foreign country.

2.2.2. Motion of firms
Motion of firms follows Ghironi and Melitz (2005). This is given by,

Npiy1 =(1—=0)(Npt+ Ngt) . (21)

Production of intensive margins take place only one period after the entry. New entrants
need "one time-to-build". ¢ represents an exogenous depreciation rate. This "death
shock" takes place at the very end of the period after the investment has been completed.
Combined with the Euler equations about equity holdings, with the above specification
investment costs enter in the form of 1 — ¢ in equity returns r; , and r7,.

The similar condition holds for the Foreign country.

2.2.3. The average firm specific productivity
Firms are heterogenous in terms of firm specific labor productivity which they draw

upon entry. This productivity is drown from the following Pareto distribution:

(%qg=1—(”““)k, (22)

ZD
where zp pin is the minimum level productivity and k (k > ¢ — 1) is a parameter which
shapes the distribution. T'wo special "average" productivities are defined following Melitz

(2003):

ZD = / Zg_ldG(ZD) = ZDmin {L} . s (23)
and

10
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o—1

% 7 224G ()| = 2 lﬁ] o (24)

ZX.t

Zxt =

where zp is the average firm specific productivity and zx; is that for exporting firms in
the Home country.

The similar conditions hold for the Foreign country.

2.2.4. Average productions and profits from domestic sales
Provided the above average productivities, as Ghironi and Melitz (2005), domestic
firms’ behaviors are summarized by looking for the average firm which has zp.

Production scale of the average firm (y,p) is given by the following technology:

Ynpt = ZiZplp.t, (25)

where Z; denotes the productivity shock which hit all domestic firms. [p; denotes the
labor demand by this average firm. Operational real profits from domestic sales are

expressed as:

~ ~ Wt ~
dpt = PhDt — % YhD.t-

Goods market clearing implies,

YnDt = Chpt + Ng.iknpa, (26)

where ¢;,p; and %hD_t are the consumption and capital demand for this average firms.

Using optimal demand found in the previous section, y,p; can be rewritten as follows,

(6—1)—1~—0 w

Ynpt = Ng.t Prp.tPrre M, (27)

where M, is consumption and investment goods demand in the Home country:

M, =Ci+ Ng.K, . (28)

11



Note that using free entry condition (20) and factor demand (19), it is verified that 1 — 6
fractions of real investment costs are paid as capital goods: K; = (1 —6)z;,. When
0 = 0, M, coincides to the aggregated demand, aggregated consumption plus aggregated
investment.

Profit maximization yields the standard pricing in monopolistic competition. Individ-

ual real price becomes the real marginal costs over markup:

o Wt

0 = — . 29
PhD.t o—12,:, (29)
Finally using the above optimal pricing and the fact that p;, = N Bfﬁh D4, total real

average profits from the average domestic sales are expressed as:

1

dp, = gNgFf_l)_lﬁ}le@Mt- (30)

The similar conditions hold for the Foreign country.

2.2.5. Average productions and profits from exporting sales
We discuss about the average exporting firm which has the average firm specific ex-
porting productivity, Zx ;. This summarizes the exporting activity in the Home country.

Production technology for the average exporting firms is given by,

ghX.t = thX.th.ta (31)

where y; y, is the average production to be exported and [x; is the labor demand by this
average firm.

Following Ghironi and Melitz (2005), exporting abroad supposed to be costly. Ex-
porting firms should pay an amortized fixed costs in each period. These costs are defined
in terms of effective labor, fy. Thus operational real average profits from the average

exporting sales are expressed as:

~ - wt s
dx.t = (PhX.t T 7, ) Ynx.t — Hxalx, (32)
tRX.t
where iy, = 7 is real amortized costs for exporting. Goods market clearing implies,

12



ghX.t = EZX,,: + NE.tEZX.tv (33)

where ¢; ., and %;‘L ¢ denote the average consumption and capital demand in exporting

sales. Using optimal demand found in the previous section, v, x.¢ can be rewritten as,

Tnxs = NYO DTG0 (1 — o) My, (34)

where M} is the consumption and investment goods demand in the Foreign country:

M = C; + Nj, K, (35)

where K} = (1 —0) 2%,

Pricing in exporting market is standard. Without any transportation cost, it becomes,

[ Wt

52)@ =Q; 1ﬁhx.ta where pj,x, = (36)

oc—1 thX.t'
Finally using the above optimal pricing and the fact that pj;, = N )}f’ﬁz 4, total real

average profits from the average exporting sales are expressed as:

s = SINYEV TG (U= 0) M} = pu . (37)

At the end, the average profits of among all Home originated firms (including domestic

as well as exporting firms), c,ivh.t as follows:

dnt = dps + ——dx.. (38)
The similar conditions hold for the Foreign country.
2.2.6. Determination of the number of exporters and cutoff productivity

Using the average firm exporting productivity and the Pareto density function, the

share of exporters in domestic total firms is given by:

NX.t k

Ny, | Cmin (Zxe) " {#_1)} o (39)

13



There exists a ’cutoff level’ firm which earns just 0 profits from exporting such as,

dx. (2x.1) = < — Vx VT R (exa) (1= @) M7 — pig fx = 0. (40)

Using the average profits from exporting (37), the above condition is rewritten as,
~ oc—1
dx: = _ 41
X.t ,UX.thk Y P— (41)
(39) and (41) determine the number of exporters, Nx; and the average productivity of
exporting firms, Zy ;.

The similar conditions hold for Foreign country.

2.3. Labor markets clearings

In the end of the non-portfolio part of the model, we discuss labor markets clearings.
L; units of supplied labor are used in the production for domestic sales, for exporting

sales (including fixed cost for exporting) and in firm creation activity. This implies:

L = Npilpt+ Nxt (Ixt + lpxt) + Neddet, (42)

where lpy, is labor demand for fixed costs for exporting. Noting Ip; = (0 — 1) C%t,

Ex. th

Ixt+lpx: = (0 —1) & dXt +olpxs, lpxs = and gy = 0= “ the above labor market

clearing in the Home country can be rewritten as follows:

Np.dp i QNE.thZ,t i O_NX.tﬂX.th~

Wy Wy Wy

Ly=(0—1) (43)

The similar condition holds for the Foreign country.

3. Zero-order steady state portfolios

The indeterminacy problem of zero-order steady state portfolios is overcome by consid-
ering the second order approximation of Euler equations about asset holdings (Devereux
and Sutherland (2008) and Tille and van Wincoop (2008)). These equations provide

sufficient conditions to pin down the steady state portfolios. We employe the method

14



developed by Devereux and Sutherland in computing numerically zero-order steady state
portfolios. In doing so we express the budget constraint of the Home representative
household (7) following Devereux and Sutherland (2008). Net foreign assets for the Home
country at the end of period t (NF A ,11) is defined as the sum of net foreign equity and

bond positions as follows,

NFApii1 = spanihy (Npy 4+ Niy) = sh1%he (Npa + Npi) +One1) , +brapazh,. (44)

Thus the budget constraint can be rewritten as follows:

NFApi1 = NXpyo+ NFAL 75 + 60y, (45)

where

NXyi = Npappp Ut + Nx.ipPpxUnxte — Cr — Npo Ky, (46)

_ * * b
Ehe = Sf-txjf.t—1 (ND.t—l + NE.t—l) (T]S”.t - Th.t)
* b b b b
= 8h4Thi 1 (Npi1+ Nei1) (Tfsm - Th.t) + bf.txf.tq (Tf.t - Th.t) . (47)
N X, are net exports of the Home country. &, , denotes "excess returns" on net foreign

assets between ¢ — 1 and ¢ relative to returns on Home CPI-indexed bond, 7% ,.

In addition, defining real holdings at the end of period ¢ as,”

"Real holdings (expressed in terms of Home consumption basket) for the Foreign representative house-

holds are,

apy = S?l.t+1xi.t (Np.t + Ng4), a?kt = 5?t+1$§f.t (Npte+ Nk, (48)

and

[ b bx 7% b
apy = bpep1Th g s Ay = bf‘t+1xf‘t' (49)

15



aps = Sni1Zh, (Npt + Npg) aj‘.t = Sf-t+193jf.t (Npi+ Ngo), (50)

a?m = bh.t+1$2.t7 al}.t = bf~t+1x?‘.t- (51)

So the excess returns can be rewritten in vector form as follows,

$py = Q17w (52)
/ s S
ay1 = |:af.t71 —Qp; 9 a?“.tfl] ) (53)
U s s
Tot = |:rfa:.t That TZz.ti| ’ (54)

s — 2.8 b s — 8 b b — b b
where 15, , =1}, — 15y They = Thy — Thy and 1y = 15, — 1. Up to the first-order

approximation, Frl,, , is a zero mean i.i.d shock. The above form of budget constraint
(45) permits to compute necessary matrices for the solution of zero-order steady state
portfolios.® Then we can apply directly the formula developed by Devereux and Suther-
land (2008). Given these steady state portfolios, finally the first-order system contains
48 equations and 48 endogenously determined variables. The whole system including the

steady state and its first-order equations is summarized in appendix.

4. The model without heterogeneity

It is particularly useful to consider a model without firm heterogeneity for the purpose
of comparison. Imposing the symmetry among firms, the model collapses to the one
analyzed in Hamano (2009). In this case, all firms export and there is no non-tradeness
arising from firms’ heterogeneity. In the benchmark system, by imposing zp = Zx; =
Zh = Zx, = 1 without loss of generality, Np, = Nx, Nj,, = Nk, and fx = 0, we

do not need any more the equations about pricing for export (because p,p; = ppx; and

8 Ry, Ry, and Dy, D, matrices in notations of Devereux and Sutherland (2008). See their papers in

detail.
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ﬁ;@D_t = ﬁ} 1), real costs for exporting, share of exporting firms and zero-profit export
cutoff conditions to make the model without heterogeneity. So we have eight less variables

and eight less equations compared to the full system.

5. Calibration

We calibrate zero-order portfolios with following parameters:

Table 1: Baseline parametrization

v constant risk aversion 2
T discount factor 0.96
v convergence speed 0.04
© Frisch elasticity of labor supply 2
o elasticity of substitution among varieties 7
w between Home and Foreign goods 6
Q home bias in consumption 0.85
) death shock 0.10
0 share of labor in entry cost 0.64
k Pareto distribution 6.60
0 love for variety 1/(c —1)
fx fixed cost for exporting 0.0068

Constant risk aversion (), discount factor (1), Frisch elasticity of labor supply (¢),
Home bias in consumption («) come from Coeurdacier et al. (2010). They are in the rage
of the standard RBC literature. The parameter v which governs the convergence speed
of net foreign asset is set to 0.04. The death shock (0) comes from Ghironi and Melitz
(2005) where it is chosen to match the U.S. empirical level of 10 percent job destruction
per year. The elasticity of substitution between local and imported goods (w) is set to
6. This choice of elasticity may be considered too high compared to the low value used
in the literature which typically ranges from 0.5 to 2. However, this is well in the rage

of micro founded estimation in trade literature (Romalis (2007)). Recently Imbs and

17



Mejean (2009) argue the conventional estimation about the elasticity of substitution has
downward bias without considering the heterogeneity of these values among sectors and
propose the elasticity around 7. Given this value, the elasticity of substitution among
varieties (o) is set to 7. A great ambiguity surrounds the parameter 1, the love for
variety. We set it at 1/(c — 1), the corresponding value to the standard Dixit-Stiglitz
preference. We choose the share of labor () in entry cost as 0.64 from Heathcote and
Perri (2002) which estimates the labor and capital share in Cobb-Douglas production
function. Again this is the standard value in the model including capital and labor in
its production function. The parameter which shapes the Pareto distribution (k) is given
by k = 1/1.67 + 0 — 1 following Ghironi and Melitz (2005). We set fx so that the 21%
of firms export at the steady state. The fact that only 21% of firms engage in exporting
activity comes originally from Bernard et al. (2003).

Finally productivity processes are taken from Coeurdacier et al. (2010) where they
estimate them among industrialized countries. We define the vector of AR(1) process as
Zys1= QZ+e where Z, = |2, ZF Zp,, Zi‘EJ’, e = [ez,t, €y €zptr Eyy| > and

the matrix of €2 and the variance covariance matrix of innovations > are given by,

0.7 0 0 0 1.44 065 O 0
0 07 0 0 0.65 1.44 O 0
0= and ¥ = . (55)
0 0 079 0 0 0 299 0.57
0 0 0 0.79 0 0 057 299

6. Steady state portfolios

Given the above parameters, zero-order steady state portfolios are found as in Table

2 (Nominal bonds). For both specifications, with and without heterogenous firm, we

9As it is mentioned in Devereux and Sutherland (2008), when the number of assets and the number of
shocks are identical in the model, the steady state portfolios become independent from variance-covariance

matrix of shock, ¥. And this is the case for our model.
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observe aggressive home biased equity positions (s = 4.02 and 5.91) and relatively strong

long positions for domestic bonds (b = 3.72 and b = 3.18).

Table 2: Steady state portfolios
S b

Nominal bonds
With hetero 4.02 3.72
Without hetero | 5.91 3.18

Real bonds
With hetero 0.81 2.87
Without hetero | 0.93 1.76

6.1. Nominal price and variety risk in real exchange rate fluctuations

Why the aggressive home biased equity positions appear? A crucial difference com-
pared to the standard model which investigates portfolio positions is the existence of
extensive margins. Fluctuations of extensive margins implies that households may con-
sume different set of varieties across countries. As a result, they should insure not only
against relative nominal price but also variety risk in their consumption baskets.

It must be well understood that in the present model the real exchange rate fluctuates
with relative nominal price and relative number of available extensive margins. We can

decompose its’ first-order deviation as,

Q= @t + YR,

where Q, (zﬁj—ﬁt) is the variation of nominal real exchange rate and R, represents vari-
ations in the number of relative available varieties. Each term takes different expressions
depending on whether there is firm heterogeneity or not.

Without firm heterogeneity, it becomes,

Q: = (2a — 1) TOT 4% (2a — 1) N% .
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where terms of trade are defined as the price of imported in terms of exported goods as
TOTt = B}X_t—ﬁhx.t-
With firm heterogeneity it takes the form of,

Q= (2Sgp — 1) TOT,—Sgpzy, + ¥ (2Sep — 1)NE, + 9 (1 — Sgp) (N, — N¥,)  (56)

where N& .= Np,—N%, , NE =Ny, —N%, and z§, = zx;, — Zx,- Sgp = ap} “ denotes
the steady state expenditure share on domestic goods in total expenditure.'?

Note in both cases when there is no love for variety () = 0), the real exchange rate
fluctuations are driven only by the nominal exchange rate, Qt. In general, for consumers

both nominal exchange rate and variety terms are perceived as risk in real exchange rate

fluctuations to be hedged using financial assets.

6.2. A sketch of hedging intuition using the static budget constraint

The intuition of portfolios would be best described relying on the first-order "static
budget constraint" as Coeurdacier et al. (2010). This method consists to find portfolio
positions which support complete market allocations by plugging the first-order perfect
risk sharing condition in the first-order static budget constraint. For instance, in our model
using the budget constraint (7) and (8), the first-order relative static budget constraint

becomes,

PitCi— (Pi+C7) = Sw (W + 1) +(25 — 1) [ Sp (NE, +dF) — 81 (NE,+x7) | +2 (P — P})
(57)

where Sy, Sp and S; denotes the steady state labor income, dividends and investment

relative to the steady state nominal expenditure (see appendix for details). wf + If

NE, +Eﬁ and NE 45 represent the first-order relative nominal labor income, dividends

10With firm heterogeneity, further sources contribute to the real exchange rate fluctuations because the
number of imported extensive margins and its imported price would be different between two countries.

By shutting down firm heterogeneity, two expressions of real exchange rate fluctuations become the same.
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and investment respectively. In writing we also used financial market clearing conditions:
Shtt+Shy =1, 800+ 55, =1, bpt + by, =0 and by, + b}_t = (0 supposing that there exists
steady state symmetric portfolios such as s = s,; = 5% and b = by, = b}'t. The left
hand side of the above first-order static budget constraint is relative nominal spending
and right hand is relative nominal income generated by non-fiancial and financial assets.

Unfortunately spelling out the intuition of portfolio positions relying on the above
static budget constraint cannot be applied here because the above first-order static-budget
constraint fails to capture the first-order "period-by-period" dynamics. The reason is that
investment costs enter as S; (NE ,+x"*) in equity returns (Sp (ND,t + cZ) —Sr(Ng+x5))
for the static budget constraint while in the original first-order period-by-period dynamic,
investment costs enter in equity returns (r; ,) in the form of exogenous death shock 1 — 4.

Nevertheless, we find the usage of the static budget constraint useful by just "sketch-
ing" hedging mechanism at work. We follow Coeurdacier and Gourinchas (2008) for that
purpose in the following demonstration. We redefine the above static budget constraint

as,

Pi+Ci— (P;+Ci) = SwRw + (2s — 1) R. + 2bR,, (58)

Ry, R. and R, represent relative nominal labor income, relative equity and relative
bond returns respectively. Plugging the perfect risk sharing condition which holds under

complete financial markets,

1
(1 _ ;> (P:—P;) = SwRw + (25 — 1) R. + 2bRy, (59)

which says that under complete market, households in the Home country spend more
when there is inflation because v > 1. Any types of perturbations in the real exchange
rate (Q; = P;—P;), labor income (Ry ), equity (R.) and bond returns (R,) must be
balanced by an appropriate equity and bond position, s and b.

In the original period-by-period dynamic, the real exchange rate, labor income, equity
and bond returns are endogenously determined depending on four exogenous shocks.

In sketching the general equilibrium relationship among these variables, we posit the
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following first-order static relations among them,

Rw = (A —1)Q + ¢y.ccr, (60)
Ro=(A=1) Qi+ ¢ et (61)
Ry = -Q, (62)

Ry = ¢y, Qi + ¢y 61, (63)

where A\ roughly represents the elasticity of substitution between local and imported goods
w and ¢ represents "investment shock" as discussed in Coeurdacier and Gourinchas
(2008). Finally ¢;; denotes conditional covariances such as ¢;; = cov(i, j)/var(j).
Provided these relations, it is easy to solve the optimal portfolio positions which repli-
cates the complete market allocation. Plugging the above relations in (59), we find the

following optimal equity and bond positions.

1 Py e 1 Duse
e G Rl ®

=5{(1-5) e ro-nfs (1-8) —eg= (D)} o

As it has been mentioned, particularities of the portfolio in this paper are related to

the variety risk in real exchange rate. This variety risk disappear when there is no love for
variety (1) = 0) or when there exist "welfare-based CPI-indexed real bonds" which load
perfectly on the (welfare-based) real exchange rate including variety risk. For both cases,
the portfolio positions are identical to those presented in Coeurdacier and Gourinchas
(2008).

For the equity position, what may induce a home biased position is the third term in

the square blanket. When ¢, . > 0 and ¢, < 0, in word, when labor income rises and
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equity returns decrease with a positive investment shock, the third term drives the home
biased equity position (s > 1/2). This mechanism is identical to the one originally explored
in Heathcote and Perri (2004). In addition, with love for variety, the second term also may
contribute to the home biased equity position. This is the case when ¢, . > 0 provided
¢ec < 0, the number of available extensive margins rises with positive investment shock.
In the equity position, while the third term hedges against labor income risk induced by
investment shock, the second term does against variety risk induced by real exchange rate
fluctuations

For the bond position, again, principal characters are identical to those discussed
in Coeurdacier and Gourinchas (2008). The first term in the large blanket factorized
by (1 — %) captures the hedge against real exchange rate fluctuations. When nominal
exchange rate appreciates (for example due to terms of trade appreciation), nominal
bond returns R, increases as well because they are correlated perfectly. Thus from this
stand point, having a long position (b > 0) becomes a good hedge against the nominal
exchange rate risk. But the same nominal exchange rate appreciation may be accompanied
by fluctuations in extensive margins. When the number of extensive margins rises with
nominal appreciation, ¢, , < 0, because a higher number of available extensive margins
means a real deflation, taking a short position (b < 0) becomes a good hedge. When
¢,, > 0, the opposite is true: taking a long position (b > 0) becomes a good hedge
against this variety risk. Coeurdacier et al. (2007) analyze the similar term in the form
of exogenous preference shock ("i-pod shock"). The second terms factorized by A — 1 is
the hedge against labor income and fluctuations in equity returns induced by nominal
exchange rate fluctuations. As Coeurdacier and Gourinchas (2008), this term is sensitive
to the elasticity of substitution between local and imported goods captured by A. Note
in particular, when ¢, . > 0 and ¢, < 0, with relatively high A (> 1), the second term

provides a further long position for domestic bonds from variety risk.

6.3. The original period-by-period dynamic

Although the above analysis using the static budget constraint remains just a sketch, it

should be a nice sketch To confirm, in Table 3, we report the conditional covariances ¢;; in
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the original period-by-period dynamic. These are computed with benchmark parameters
in terms of relative original investment shocks (e = Zg, — Z3,,), nominal labor income
(Rw = wi+Ls — (Q¢ + wy+L{)), nominal equity returns (R, = rj, .1 — r}, 1), extensive
margins (R, = SgpNE, — (1 — Spp)NE ), and nominal exchange rate (Q;) for both

specifications, with and without heterogenous firms.!*

Table 3: Conditional covariances in the model

¢w,e ¢’U,E ¢e,e qbv,q
With hetero 0.23 0.16 -0.94 -0.16
Without hetero | 0.24 0.10 -0.93 0.04

As it has been discussed in the previous subsection, home biased equity positions
appear when ¢,, . > 0 and variety risk adds further home biased position when ¢, . > 0
provided ¢, < 0. The signs of conditional covariances in the original period-by-period
dynamics are matched to these ones. For the bond position, the sign of ¢, , is different
depending on the model. This means that the impact of variety risk in real exchange rate
hedging becomes also model dependant (first term in (65)) while overall impact of variety
risk depends also on the hedge against labor income and equity returns (second term in
(65)).

The above conditional covariances are also intuitively be captured by looking for the
impulse response functions. Figure 1 shows the impulse response functions with 1% rise
of ez, — Ezsts for Ry, R., R,,and Qt. With such a positive investment shock, new
entry rises on impact. Equity returns decrease to finance their costs of creation while
labor demand increases by these new entrants bringing wage and nominal real exchange
rate into appreciation. Along the time, the number of firms rises gradually. The welfare
based real exchange rate, Q; follows this dynamic because it largely reflects variations in

extensive margins. Net export decreases on impact as well because of investment shock

' Conditional covariances are computed using frequency-domain technique proposed in Uhlig (1998).
Variables are filtered by Hodrick-Prescott filter. Smoothing parameter is set to 100 with which we

compute also the following impulse response functions.
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but become positive after by exporting new extensive margins. In spite of such a recovery
in net export, net foreign asset positions remain declined and take a long time to get back
to its initial steady state value.

The above numerical results would show the validity of hedging intuition at work

described using the static budget constraint.

6.4. Portfolio positions with real bonds

We find aggressive home biased equity positions because nominal bonds cannot load
on variety risk. This is to say, if there exist counter-factual welfare-based CPI indexed
real bonds which load perfectly on the real exchange rate risk (Q;), these additional home
biased equity positions should disappear. Indeed, this is the case: under benchmark
parameters, equity and bond positions become, s = 0.81 and b = 2.87 with real bonds.
With the version of the model without heterogenous firms, they become s = 0.93 and
b = 1.76. Both home biased equity and long bond positions are boiled down.

The point is seen also clearly with a sensitivity analysis. As it is analyzed for instance
in Coeurdacier (2009), hedging against real exchange rate risk using equity position means
excessive sensitivity of equity position against certain parameters, in particular the elas-
ticity of substitution between local and imported goods, w. Through Figure 2 to Figure 3,
we show the comparison of portfolio positions with two types of bonds, nominal and real
bonds for each model with and without heterogeneity against various values of w. Loading
on welfare-based real exchange rate risk, equity positions show sensitivities against w for

both specifications, with and without firm heterogeneity.

7. Conclusion

We analyze zero-order steady state equity and bond portfolios in a two-country DSGE
model where the number of available varieties is endogenous. With variety risk in real
exchange rate fluctuations, home biased equity positions are amplified further. The result
is shown to be robust with or without firm heterogeneity.

For future research, it would be interesting to incorporate another source of distur-

bances (for instance, a monetary shock) and investigate portfolios in incomplete markets
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setting. One another direction is to calibrate the model with higher order approximation,
hence to analyze portfolio rebalancing and valuation effect (Gourinchas and Rey (2007),
Devereux and Sutherland (2010)). Because extensive margins might have impact on cur-
rent account adjustment problem as well (Corsetti et al. (2008)), consider the problem

with ’'valuation effect with extensive margins’ would be very interesting.

Investment shock:g Equity returns:Re
1 0 T
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77 T R Without hetero | | 02p B
04 E
0 L L I L L L
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0
0
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Figure 1
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Price indices
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A:k Qil * w—1 —lN —WwW * *
dy = %in( ) p}X.t (1 —a) My — px, fx (A.11)

NE.t }.t = Nl*).td*Di + N)*(.tdg(.t (A~12)
Definition of M
M; = Cf + (1 —0) Ng,x%, (A.14)
Real cost for exporting
Wy
— = A.15
MX.t Zt ( )
* w*
Hx.t = Z_E‘ (A.16)
Free entry
w \°
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Thy = (Z_) IE (A.17)
E.t
ws \?
oy = (=) g (A.18)
L4
Number of firms
Npiy1 =1 —=06)(Npy+ Ngy) (A.19)
NBtH = (1 - 5) (NBt + Ng.t) (A-QO)
Optimal labor supply
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Asset markets clearing conditions
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Etrfw:.t—&—l = E; [Ti.tﬂ - 7“2.t+1] (A.43)

Etrffx.t+1 =Ly [T?f.tﬂ - TZ.M] (A.44)

Net foreign asset dynamics of Home

NFAp 1 = NXp, + NFAh‘trz.t + a’j‘.t—lrj‘x.t — a4 Thes T al}.t—lr?‘x.t (A.45)

Net export for Home

NXp,=o0o (ND.tdvh.t + NX.tMX.th) — M, (A.46)

Appendix B. Steady state

At the symmetric steady state, it is noticed that NF'A, = NX; = 0. We choice the
parameter y so that the steady state labor supply L = 1. The parameter [ is chosen
as it guarantees T (C') = 0.96. Following Ghironi and Melitz (2005) we determine the
steady state fixed cost for exporting fx so that it gives 21% share of exporting firms as
documented in Bernard et al. (2003). As it will be clear the solution procedure is a little
bit more complicated thanGhironi and Melitz (2005) because here 1 — @ fraction of entry
cost is paid in terms of consumption goods. For the purpose of comparison I follow the
solution procedure presented in technical appendix of Ghironi and Melitz (2005) which is
available on authors’ web site. The goal is to reduce the model into 3 equations and 3
variables.

At the symmetric steady state, we suppose without loss of generality 7 = Z7* = fg =
[t = Zmin = 255, = 1. Free entry condition gives 2° = w’ fz and motion of the firm gives

Np = 16;5N . Knowing Jh = d, D+ %_);J x combined with Euler share equation,

~ Ny~ 1-T(1-90) ,
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The first equation will be given by rewriting the above equation. Knowing py = wfy

from zero-profits-cut-off condition,

oc—1

k—(oc—1) (B.2)

dy =wfx
With above expression using the steady state average domestic and exporting profits

JD and d- x I can write

C'ZV_SED& o—1
D_SE)(ND k—(O’—l)

where Sgp = ozp}{_“’ and Spx = (1 — ) p}_w, which are the steady state share on

+ 1} wfx (B.3)

domestic and imported goods in total consumption. Noting py; = N BwﬁhD and pp =

N)}%}X and further p,p = ;772> and pjy = Y Sgp/Sex is turned out to be

_o_w
o—1 o—12zx

Spp __a_ (Np) M =) (B.4)
SEX 11—« NX ZD

Plugging (B.3) and (B.2) into (B.1) :

o & 1—¢(w—1) z_X 1-w k . & o—1
11—« ND ZD ki—(O'—l) NDIC—<O'—]_)

1-TA-0)fs g
T(1-06) fx

(B.5)

The next equation is constructed from aggregated identity, zero-profits-cut-off condi-
tion and price index. At the symmetric steady state we have C' + Ngz® = w + N Dgh.
Eliminating C by M = C + (1 — 0) Ngz® and using 2° = w’ fp and (B.1) the aggregated

identity can be expressed as:

1—T+7T5(1—0)
T(1-0)

=1+

M
E NDwefle (BG)

Next using zero-profits-cut-off condition (B.2) and the steady state expression of d. X,

M 1 b o w\“ " ko
M_ 1 jiow 1>< _) T fx (B.7)

O'—ljZVX
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Dividing both side of (B.6) and (B.7) by N ;1/;@71) and equating it yields

1 Nx 1=¥(w-1) o w\Y! ko 7
1—a \Np o—12zx k—(c—1)""

B 1 I1-T+T0(1=0) yw-1) g1
— LD + T(1-90) Np™ "w (BS)
D

At the end using (B.4) from the price index,

(ﬁ%%JW1a(§§)1w+<1a>(ﬂk)¢wl) (B.9)

Ng(“’*l) Zp Np
There are 3 equations, (B.5), (B.8) and (B.9). Zzp is given by Pareto distribution.
%—’g is set to 0.21. This requires zxy = 1.89 with baseline parameters. These non-linear
equations are solved (using computer) for Np, w and fx. Especially the share of fixed

cost for exporting in amortized entry cost becomes 5.9%.

Other variables are easy to be found.

1—T+7T5(1—0)

— 0
21
Np=-—2 N (B.12)
E — 1-5 D .
v=u’fg (B.13)
C=M—(1-60)Ngv (B.14)

~ o w 43 o w
= :a]_’]_ =
PhD o_13 Prx

(B.15)

U—lEX

Pa = NBwﬁhD and pp = N;(_wﬁfX (B.16)
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Finally the value of parameter x is set by x = wC 7.

Appendiz B.1. Steady state ratios

The expenditure share on domestic and imported goods are

SED = O[pllq_w and SEX =1- SED = (]_ - O./) p;—w (Bl?)

The steady state ratio of fixed exporting cost relative to M is

Nxwfx
SM = B.18
M= 220 (B.18)
The share of dividends on domestic sales is
Npdp 1
Shp = =" = —Spp (B.19)
M o
That of exporting sales is
Nydy 1
SY = A oo - S (B.20)
The share of total dividends relative to M is
Npd 1

Note in passage the share of dividends from domestic and exporting sales relative to

total dividends are expressed respectively

SBp S¥
—ar = ®Sep and —37 = kSex (B.22)
Sp Sp
where
1
=__ o B.23
SIS -
The share of investment relative to M is
Ngaxt T
L sM (B.24)

M~ 1-T(1-9)
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That of wage is given by

(B.25)

That of consumption is given by

Sé!:%:uu—e)s;” (B.26)

Steady state ratios relative to consumption are
Noting M = C + (1 — 0) Ngx;, using the above steady state ratios defined relative to

M, the steady state ratios relative to the consumption becomes

S_NEZ.S_ S}V[
' C T1-(1-6)85M
Sp = Npd = SN [1+(1-0)S] (B.27)

C
and from aggregated identity at the symmetric steady state

w

Sw = 145 -5
W= + o7 D
Finally using labor market clearing
N 1
SFX = ngX = — [SW — (O' — 1) SD — 05[] (B28)
o
Appendix C. First-order system
Price indices
apy+ (1 —a)pp,=0 (C.1)
pPr.= —UNp DL Prt= —¢N§(.t+ﬁfx.t (C.2)
appt (1 —a)py,=0 (C.3)

39



Pri= —¢N*D.t+5}D.t» Prr = —¢Nx.t+mxt

Pricing
Prpa= We—Z, Prxa=Wi—Zi—Zx Phxt= —QitPrxs
ﬁ;D.t: w;—Z;, ﬁ}X.t: wi—Zi—Zx, Prxi= Qt"‘ﬁj‘x.t
Profits
(Home)
Np+dp,= (w—=1)Np+ (1 —w) pyp,+M,
NX.t‘{’C’ZVX.t: Qi+t (w — 1) Nx4+ (1 — w) ppx,+M;
Np.+dn= kSep (ND.t‘i‘CflvD‘t) + (1 — KkSgp) (NX.t+£ZVX.t)
(Foreign)

Np o +dp =¥ (w—1)Np,+ (1 —w) 5}D.t+M:
Nt di = — Qi (w — 1) N+ (1 — w) Py +M,

NB.t_I_dv}.t: kSED (NBt‘l‘JBt) + (1 — kSep) (N}‘t—'—g}.t)

Definition of M

M= S¥Ci+ (1 — ) SY (Np+x;,)

M; = SAC/[C:"" (1-0) wa (N*E.t‘i‘x}g:t)

Real cost for exporting
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(C.10)

(C.11)

(C.12)

(C.13)

(C.14)



Px = Wi—2Zy

* % *
Wx .= Wy —Z;

Free entry

Xp = 0 (W—Zp.)

X?t: 0 (wi—Zp,)

Number of firms

Npiy1=(1—0)Np+0Ng,

N*D‘tJrl: (1 - 5) N*D.t+5N*E‘t

Optimal labor supply

Labor Market clear

S (witL) = (0 = 1)SY (Np-tdne ) +0S) (Npbxi,,) +0SH (Nxtiiy,)

SN (wi+L7) = (0 = 1) SH (Np i, ) +0S) (N 4x57) +0SHy (N +ak)

Share of exporting firms
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(C.15)

(C.16)

(C.17)

(C.18)

(C.19)

(C.20)

(C.21)

(C.22)

(C.23)

(C.24)



Nx:—Np.,= —kzx (C.25)

N}.t_N*D.t: —kE}‘(.t (0-26)
Zero profit cutoff

dx.o= pix, (C.27)
dy 1= x4 (C~28)

Expected real returns
Eiri =T (1=0) Epx oo+ [1=T (1 — 6)] Exdp s 11—x5, (C.29)
Etr;.tHE T(1-9) Etx?tﬂ"" [1—-T(1-9)]E Nﬁ}‘t+1_xjﬁt+EtQt+1_Qt (C.30)
Eery 1= TEX o+ (L= T) ¢ [SepNpap1 + (1= Sep) BN yq | =5, (C.31)

Eerf e = TExF, 0+ (1= T) ¥ [SeoNpypy + (1= Sep) EiNxa] =53 +E Qe —Q

(C.32)
FEuler Home and Foreign
VE (Civ1 = Ciit) —EiQuin = (v = 0) (G = C)) = Q (C.33)
Euler shares
(Home)
Eirpii1 =1ECii—(y—v) G (C.34)
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Etrff.tﬂ =1E,Ci— (v —v)C
Euler equation (bond)
(Home)

Eirp o1 = VECii— (v —0) G

Eir} i =1ECii— (v =) G

Realized excess returns

rj‘:c.t-l—l: T(1-9) (X?t—f—l_EtX?t—i-l) +[L =T (1-0)] (g}.t-&-l_EtC’i;}.t—f—l)

=T (Xz.t-‘rl_Etxz.t—‘rl) +Q4+1—EQuy1 — (1= T) 9 (1 - Sgp) (N}.Hl_EtN}.H—l)

rfm.tﬂ: T(1-9) (Xi.t+1—EtXZ.t+1) +[1=T(1~-9)] (Jh.tJrl_Etdvh.tJrl)

-T (XZ.tH_EtXZ.tH) —(1-T)¢(1—Skp) (N;(.tJrl_EtN;(.tJrl)

b bx bx b b
Mot1= 1 (Xf.t+1_EtXf.t+1) —T (131 —ExXp 1) FQir1—EeQuin

+(1-=")¢(1—Sgp) [(NX.t+1_EtNX.t+1) - (N;(.tJrl_EtN;(.tJrl)]

Net Foreign asset for Home

1 - ok ~
NFAh.t+1: NXh.t—F?NFAh.t—l—(Ijt-r;x.t_,'_l_az I’tht_ﬂ—i—a?cr?cm.t_i_l

where by symmetry,

~s ~s% ; ~b ~b al}
ap =ay =7 and ay = —a;, =

Net export for Home

Nxh.tE JS%I (ND.t + dh‘t) + O'SJ};/[X (NX.t+NX_t) —Mt
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(C.35)

(C.36)

(C.37)

(C.38)

(C.39)

(C.40)

(C.41)

(C.42)

(C.43)



