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Abstract

This paper examines the role of trade costs as a form of imperfect interna-
tional goods market integration. Following the approach of New Open Economy
Macroeconomics, a two-country general equilibrium model is invoked to show
that trade costs make individuals worse off since they reduce consumption, real
wages and real profits, while labour input remains constant. The smaller a
country is relative to the other, the more it suffers from trade costs. Moreover,
trade costs exhibit a ‘containment effect’ such that spending tends to be kept
in its country of origin. This finding is consistent with the empirical evidence
on the ‘Home Bias in Trade Puzzle’. As a consequence, under full pricing to
market (i.e. local-currency pricing) trade costs decrease the variability of the
nominal exchange rate when an economy is hit by government spending shocks.
However, with no pricing to market (i.e. producer-currency pricing) monetary
shocks increase the exchange rate variability and make overshooting more likely.
In addition, trade costs introduce asymmetries to real interest rate and output
movements across countries in response to monetary shocks, whereas consump-
tion and trade balance movements are not altered significantly. Finally, under
full pricing to market trade costs diminish the negative international welfare
spillover caused by a monetary shock. These qualitative results are robust to-
wards the extension of rebating trade costs to consumers.
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1 Introduction

Consistent with recent empirical evidence on imperfect international goods mar-
ket integration, this paper introduces trade costs into a two-country general
equilibrium model of pricing to market. Some firms can set their prices in the
local currency of sale, while others set prices in their domestic currency. Trade
costs in this model are all-embracing in the sense that they do not only com-
prehend transportation costs but basically any kind of ‘border effect’ that can
possibly exist between two countries, namely tariffs?, red tape, cultural and
language barriers etc.

Indeed, trade costs turn out to have wide-ranging implications for the be-
haviour of key economic variables. In particular, in the flexible-price equilibrium
trade costs reduce consumption, real wages and real profits but leave labour sup-
ply unaffected, hence making individuals worse off. The smaller a country is
relative to the other, the more it suffers from trade costs. In the presence of
monetary or government spending shocks, the variability of the exchange rate
is altered.

As a general feature trade costs exhibit a ‘containment effect’, which means
that they make imports relatively expensive and thus tend to contain spending
in its country of origin. In other words, trade costs act like a buffer between
countries and therefore obstruct the integration of international goods markets.
Since imports are more expensive than domestically produced goods, consump-
tion is biased towards domestically produced goods. Thus, trade costs give rise
to a ‘Home Bias’ in consumption, which is consistent with the ‘Home Bias in
Trade Puzzle’. Tts empirical significance has been highlighted in several recent
studies. One of the most eminent is probably McCallum (1995), who shows that
trade volumes within Canada and within the United States are overwhelmingly
bigger than those between the two countries.

Trade costs are also receiving increasing attention in economic theory. While
the general importance of imperfect international goods market integration for
economic outcomes has been known for a long time, e.g. as demonstrated in
Krugman (1989), the potential of trade costs to elucidate some of the major
puzzles in international macroeconomics is explicitly emphasised by Obstfeld
and Rogoff (2000). However, they only use a very basic endowment economy
model to illustrate their ideas. In contrast, this paper follows the approach of
the New Open Economy Macroeconomics literature by analysing trade costs in
the richer general equilibrium setting of Obstfeld and Rogoff (1995). Their two-
country workhorse model incorporates a government, monopolistic competition
and sticky prices. Furthermore, the pricing-to-market framework of Betts and
Devereux (2000) is adopted.

The paper is structured as follows. Section 2 starts off with the model set-

3Trade costs in this model are fixed ‘iceberg’ trade costs in the sense that a certain fraction
of goods vanishes during the trading process, i.e. there is a dead-weight loss. In particular, if
tariffs are interpreted as trade costs, this may only pertain to the dead-weight loss incurred
by tariffs since any potential revenue of tariffs could be rebated to consumers, cf. Section 8.
Therefore, trade costs are purely exogenous.



up. Then Section 3 describes the model’s flexible-price equilibrium, whereas
Sections 4 and 5 analyse the model’s behaviour under sticky prices. A welfare
analysis is conducted in Section 6. Section 7 presents a numerical evaluation of
the model. Section 8 checks the model’s robustness by rebating trade costs to
consumers. The country size is varied in Section 9. Section 10 concludes.

2 The model

The model is based on the two-country setting in Betts and Devereux (2000).
Households choose among a range [0, 1] of differentiated, nondurable and trad-
able goods which are produced by monopolistic firms. Both the Home and the
Foreign countries are of equal size* so that they have the same number of in-
habitants and produce half of the goods range each. Furthermore, it is assumed
that s with 0 < s < 1 is the fraction of firms in each country that is able to price
to market, i.e. that can price-discriminate across the two countries. Therefore,
the implicit assumption is made that households cannot arbitrage away poten-
tial cross-country price differences for goods. As a new ingredient the existence
of fixed ‘iceberg’ trade costs, T, is assumed where 7 represents the fraction of
goods that gets lost in the trading process so that 0 < 7 < 1. Appendix A
outlines the derivations of this section and gives the corresponding expressions
without trade costs for reference.

2.1 Households

Households derive utility from consumption and also from real money balances
due to a transactionary motive and disutility from work. All households and
firms are assumed to be identical within one country and preferences are the
same across countries. In Home country notation utility is given by
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with the CES composite consumption index defined as
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where p > 1.5 ¢;; is consumption of good 7 at time ¢, 3 is the subjective discount
factor with % < B <1, My is the money supply and h; represents labour. G, v,
€, 1, p are positive parameters and the same in both countries.

4For differing country sizes cf. Section 9.

5p is the price elasticity of demand for each good and also the elasticity of substitution
dln(cit/cji)
dIn(pj¢/pit)
guarantee existence of an equilibrium. In the case of p < 1 marginal revenue would be
negative and an economically meaningful equilibrium would not exist. For p = 1 the CES
specification reduces to Cobb-Douglas.

between goods, which is defined as The assumption p > 1 is necessary to



The Home consumption based price index is defined as the minimum expen-
diture subject to Cy = 1
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Accordingly, the Foreign price index is given by
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where prices denoted p represent Home currency prices, while prices denoted ¢
represent Foreign currency prices. In general asterisks indicate Foreign country
variables. In this context an asterisk means that a price is set by a Foreign
firm, i.e. all p}, are set by Foreign firms in Home currency and all ¢}, are set by
Foreign firms in Foreign currency. The goods on the range [0, 3] are produced
by Home firms and the goods on the range [%, 1] are produced by Foreign firms.
So the Home country price index, P, consists of the prices p;; of goods on
the range [0, %} that are produced by the Home country and of goods on the
range [4,1] that are produced by the Foreign country. For the goods on the
range [%,% + %s] the Foreign firms are able to price to market, i.e. they set
the corresponding prices pj; in Home currency. The range 3 + 3s, 1] represents
the goods produced by Foreign firms that are not able to price to market and
therefore set their prices ¢}, in Foreign currency. These are converted into Home
currency by multiplying with the nominal exchange rate e;, which denotes the

Home price of Foreign currency at time t. Note that the factor ﬁ is included
in the range [3,1]. The reason is that all prices (py, pjy, qit, ¢) are f.o0.b.,
i.e. unit prices that are charged in the country of production of each good.
If a Foreign good is shipped to the Home country, only the fraction (1 — 7)
arrives. Therefore, the Home consumer must buy ﬁ units of that good in
the Foreign country so that one unit arrives in the Home country. So from a
Home consumer’s perspective ﬁ p;; is the c.if. price of one unit of a Foreign
pricing-to-market good, and ﬁetqft is the c.i.f. price of one unit of a Foreign
non-pricing-to-market good®. One can think of this f.o.b./c.i.f. relationship
either as consumers’ travelling to the other country to go shopping, thereby
incurring costs that are equivalent to the trade costs, or as firms’ charging an
additional markup for having the purchased goods shipped over to the country
of destination. The Foreign price index can be explained analogously.
The Home budget constraint at time t is given by

PCy+ My + diFy = Wihy +mg + My + Zy + Fy (5)

where W, is the nominal wage rate, m; are the firms’ profits and Z; are lump-sum
transfers from the government which can also become negative. F; 1 represents

6Section 2.3 gives more details about the pricing.



the holdings of Home currency denominated nominal discount bonds that have
matured in period ¢ and d; is the price of a discount bond F; that will pay its
face value at time ¢t + 1 so that

1
1+

dy (6)
where 4; is the nominal interest rate in the Home country between dates ¢t and
t + 1. There is free trade between the Home and the Foreign country in this
Home currency denominated bond.

The Home demand function” is given by
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according to the three terms in the price index (3). The households maximise
utility (1) subject to the budget constraint (5), resulting in an optimality con-
dition for the labour supply
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and in a money demand function
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Moreover, the intertemporal consumption stream can be described by

di Py 41C 41 = BPCy (11)

The corresponding equations for the Foreign country are analogous.

2.2 Government

Let the composite government consumption good, G4, be defined like the private
one in (2). Government demand is then analogous to private demand and given

by
L= (G 7PG (12)
git = P, t

The Home country government budget constraint is

Pth + Zt = Mt — Mtfl (13)

"The derivations are outlined in Appendix A.




So the Home government has two potential sources to finance its spending,
by printing money and by receiving lump-sum transfers from its citizens (in
that case Z; < 0). Therefore, the government budget is always balanced and
Ricardian equivalence holds. The corresponding Foreign country equations are
analogous.

2.3 Firms

Each firm faces the same linear production technology so that
Y = h (14)

where y; denotes aggregate Home output and h; is the labour input used by
the Home firms. Labour markets are perfectly competitive® in each country but
workers are internationally immobile. Total output can be divided into output
destined for the Home country, denoted by = and x*, respectively, and output
destined for the Foreign country, denoted by z and z*, respectively, so that

Yt =T T 2 (15)

and accordingly
yi =l + 2/ (16)

for the Foreign country. Note that z; is the amount of Home output that is
shipped to the Foreign country (and not the amount that is demanded in the
Foreign country), meaning that due to the trade costs only the fraction (1 — 7)
actually arrives at the destination. Thus, in equilibrium (1 — 7)z; is the amount
demanded in the Foreign country. The same logic applies to x.

For the time being, price flexibility is assumed in the sense that the firms
set their prices after the exchange rate and the wage rate are known. Then the
per capita profit function is described by

7y = s(pewe + erqeze) + (1 — 8)(pexe + peze) — Wi (@0 + 2¢) (17)

The first term of the right-hand side of the aggregate profit function reflects the
revenue from pricing-to-market firms. These can charge the Foreign-currency
price ¢;° to Foreign consumers. The second term is the revenue from non-
pricing-to-market firms, which can only charge the Home-currency price pj,
and the last term constitutes the costs of production. Inserting the demand
function given by (7) for z; and (1 — 7)z, respectively, and maximising profits
yields the following price markup

Pt = €qe = LVVt (18)
p—1
8In fact, W and W* are normalised to one, i.e. in a perfectly competitive labour markets
the workers are ‘wage takers’. However, the real wage, % and ‘;’—:, respectively, is pinned
down by the parameters p and 7. Cf. Section 3 for more details.
9Since all firms within one country are symmetric, the prices they charge are the same so
that pic = pt, pfy = Pfs ¢ir = q¢ and g}, = gf.




The corresponding price markup set by Foreign firms is

qy = — = p—Wt (19)

The assumption of price flexibility makes it irrelevant whether there is pricing to
market. It can be shown on the basis of the price indices that purchasing power
parity (PPP) still obtains in the aggregate!® because the Home and Foreign
countries are of equal size.

3 The initial equilibrium with flexible prices

As a benchmark scenario it is first assumed that prices are perfectly flexible, i.e.
firms set prices after the exchange rate and the costs of production are known.
It is also assumed that initially there are no transfers and neither bond holdings
nor government expenditures'! so that Z = Z* = F = F* = G = G* = 0.
The following markets must be cleared in an equilibrium: the world markets for
each good, the world capital market, the labour markets in each country and
the money markets in each country.
It turns out handy to use

1-(1—7)r !

A 1+ (1—7)r1

(20)

as a term involving the trade costs parameter, 7. Note that 0 < A\ < 1 for
0<7<1withA=0for7 =0 and % > 0. The time index t is dropped
to denote the initial equilibrium values. Appendix B outlines the derivations
of this section and gives the corresponding expressions without trade costs for
reference.

In equilibrium the supply of labour and thus output is the same'? in both
countries po1

h = h* — Y
y=v = (21)

Note in particular that this expression does not depend on trade costs. The
intuition behind this result is that the optimal labour supply decision, which is
derived from the household optimisation, is unaffected by trade costs.

However, consumption is diminished'® by trade costs and can be shown to

be
1 \7T
=C*=h|— 22
o-c=n(35) @)
10Cf. equation (29).

A typical shortcoming of New Open Economy Macroeconomics models is the indetermi-
nacy of a steady state in the sense that an equilibrium is not determined endogenously.
12The initial equilibrium is symmetric due to the equal country size.

1
13With 7 = 0 consumption is given by C = C* =h > h (TIA) ot
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Figure 1: How consumption reacts to trade costs

The derivative of the last expression with respect to 7 is negative

oc  aC*

or  or <0

i.e. the higher trade costs are, the less can be consumed by the households. This
relationship is illustrated in Figure 1, where the parameter values of Section 7
are used'?. Note that trade costs reduce consumption in a nonlinear fashion,
i.e. once they reach a threshold value (roughly 40% in this numerical example),
they have no further significant effect on consumption.

Real profits of Home firms can be shown to amount to

T h 1 7
TD‘E(HA) (23)

and the real wage is given by

W op—1/( 1 \7T
P (1+)\> (24)

So both real profits and the real wage decline with trade costs. More precisely,

03 o) 1,
or or (p—1+pn)

14The chosen parameter values are p = 11, 7 = 10/11, » = 0.06, € = 1, implying a markup
of 10% and 8 ~ 0.94. See Section 7 for a more detailed discussion.

(25)




In other words, the real wage declines more quickly'® than real profits in re-
sponse to rising trade costs. In that sense and also because consumption de-
creases with trade costs while the supply of labour remains constant, workers
suffer more from trade costs than firms do. Intuitively, firms have some degree
of market power due to monopolistic competition, whereas workers face perfect
competition in the labour market.

Via (11) it can be seen that in equilibrium the price of a discount bond is

d=d =0 (26)

The equilibrium real interest rate is given by

1-p
r=r"=— 27
3 (27)
Finally, the equilibrium exchange rate'® is given by
1
M [(C*\*
¢ = (6) (28)

The intuition for this exchange rate equation is the same as in the monetary
approach to the exchange rate. If the Home country increases its money supply,
there is a depreciation (an increase in e) and vice versa. If the Home country
produces higher output, then via (22) there is an increase in C, leading to an
appreciation. As mentioned in Section 2.3, PPP holds under price flexibility,
i.e. the real exchange rate, ¥, is equal to one

eP*
> =

Y= 1 (29)
The price levels can be shown to be

P

(Fpl) W1+ )71 (30)
P = (ﬁ) W*(1 4 \) 7T (31)

Comparing the price indices in the presence of trade costs, given in (3) and (4),

to the corresponding indices without trade costs from Appendix B makes clear
that trade costs push up the price levels'” for given nominal wage rates, i.e.

oP 0P
or or
158trictly speaking, this depends on parameter values, i.e. it must be that (p—1+4+pn) > 1.
However, as Section 7 shows, this is clearly the case for empirically plausible parameter values.
16Strictly speaking, the level of the initial equilibrium exchange rate is given by the relative
money supply, e = M/M*, since C = C*. Therefore, trade costs have no influence on the
equilibrium exchange rate.
17Note that the factor ﬁ enters the price indices (3) and (4).

>0 (32)




Note that the expenditure for one unit of the composite consumption index
defined in (2) does not depend on trade costs'®

p

PC = ———W 33
p—1+4pn (33)
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In total, since in the presence of trade costs consumption drops and the price

level increases while labour input remains constant, trade costs make individuals
worse off, i.e.

ou _ our

or ot

Via (10), (21), (22), (26) and (30) it can be shown that
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In the following the monetary bases, M and M™*, respectively, are normalised
as the nominal anchor of the model such that the nominal wage rates, W and
W*, respectively, are equal to one. Therefore, P = P*, M = M* and e = 1. In
particular, PPP'? and the law of one price for labour hold, i.e. P = eP* and
W =eW™.

<0 (35)

W*

4 Sticky prices and the exchange rate

Now, as a Keynesian feature of the model, it is assumed that all prices (p, pj,
G, q7 ) are sticky and that therefore, they cannot immediately respond to either
type of shock, a monetary shock or a government spending shock. Firms set
their prices such that they are optimal in the absence of shocks. For a sufficiently
small shock in period ¢, output is demand-determined, i.e. firms produce the
post-shock market demand given their initial prices. They have an incentive
to do so since they still make profits because of monopolistic competition. As
there is no capital in the model, prices and all other variables reach their new
equilibrium after a single period, i.e. the long-run responses are attained in
period ¢ + 1.

Like in the initial equilibrium those firms that engage in pricing to market
set their prices in the currency of the country where the products are sold
(local-currency pricing). For these firms an unanticipated movement in the
exchange rate does therefore not lead to a deviation from the optimal price.

18C is lower and P is higher for 7 > 0. These two effects exactly offset each other in this
model’s specification.
9Cf. equation (29).
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The remaining firms set their prices in the currency of the country where the
products are produced (producer-currency pricing). For these firms, however,
an unanticipated movement in the exchange rate does lead to a deviation from
the optimal price.

Regarding the methodology, log-linear approximations are taken around the
initial pre-shock equilibrium of Section 3, first with flexible prices in order to
solve for the long-run (i.e. period t + 1) response of the economy and then with
sticky prices in order to identify the short-run (i.e. period t) response to shocks.
As to the notation, for any variable U let

~ Ui — U
Ut+iEt+T

be the percentage deviation at time ¢ 44 for ¢ = 0,1 from the initial pre-shock
equilibrium described in the preceding sections.

This section discusses the main results relating to the nominal exchange
rate and introduces the ‘containment effect’ which describes the segmentation of
international goods markets induces by trade costs. Section 5 focuses in detail
on the two types of shocks and extends the analysis to other key variables.
Appendix C outlines the derivations and gives the corresponding expressions
without trade costs for reference.

4.1 The long-run response to shocks
The long-run (i.e. period t + 1) response of the exchange rate can be directly

derived from (28)

1 = (Myp1 — Mgy

15 A
- Z(Ct+1 - Ct+1) (38)

where the long-run response of Home relative to Foreign consumption is given
by20

1 p 20-B)dF, 1(p—0}) (dGu1—dGiyy)

(Ct+1 - Ct+1) = p (p— N PCv T g (p—N) Ccw (39)
with 1+
pP— Fn
= - " 40
o=t (40)

and p > o > 1. P denotes the initial price level and C'* is the initial value of
average world consumption, i.e. C% = %(C’ +C*). Thus, for a given government
spending pattern, if the Home country has a trade balance surplus in period ¢,
implying d F; > 0, Home consumption is raised permanently relative to Foreign
consumption. Note that since the steady state response to a shock is attained
in period ¢t + 1 already, it must be that d Fi+1 = d F} so that the asset positions

20The derivations are outlined in Appendix C.
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induced by the initial trade surplus are carried over to the new equilibrium?'.

Intuitively, there is a permanent positive wealth effect for the Home country due
to the interest payments received from the Foreign country. This helps Home
individuals to finance their relative consumption rise. All being equal, an in-
crease in Home government spending has the opposite effect, driving out Home
consumption and decreasing the relative Home consumption rise. Higher trade
costs, reflected in a higher ), lead to a more pronounced relative consumption
rise??. Intuitively, trade costs make Home goods relatively cheaper compared to
Foreign goods so that the additional wealth from the trade balance surplus tends
to be spent more on Home goods. Similarly, for given d F}, the Home govern-
ment spends a greater fraction of its budget on Home goods in the presence of
trade costs. This additional income in turn allows Home individuals to increase
their consumption more than Foreign individuals. In other words, trade costs
act like a buffer between the Home and the Foreign country and segment the
international goods markets into a Home and a Foreign one, i.e. they tend to
contain spending in its country of origin??. This form of imperfect international
goods market integration is subsequently referred to as the ‘containment effect’
of trade costs.

4.2 The short-run response to shocks

When a shock occurs in time period ¢, the responses of the price indices (3) and
(4) are given by

Pi=5(1- N~ ) (41)
and 1
Ff = —5(1-0(1-s) (42)

Since A =0for 7 =0and 0 < A <1 for 0 < 7 < 1 it follows that for a given
exchange rate depreciation (€; > 0) the price indices are less volatile in the
presence of trade costs than without trade costs unless there is full pricing to
market. In the latter case the price indices are insulated from nominal exchange
rate fluctuations since all firms set local-currency prices. Hence

0 < P<P,o<@ifs<l1 (43)
& > 0>P >P _gifs<1
P = P,o=P =P, (=0ifs=1 (44)

21T the new equilibrium the trade balance is zero, i.e. neither does the Foreign country
incur any further debts nor are any principal payments made. Hence, the Foreign country
pays a constant sum of interest to the Home country in every period of the new equilibrium.

22For the government spending term in (39) note that ¢ > 1. For the first term on the
. . 2(% tx) )
right-hand side of (39) note that —75="~ > 0, for the second =5~ > 0.

23This qualitative result is in line with the ‘Home Bias in Trade Puzzle’ in Obstfeld and
Rogoff (2000).
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Intuitively, with some extent of producer-currency pricing, a nominal exchange
rate depreciation makes Foreign goods more expensive in the Home country
and Home goods cheaper in the Foreign country, leading to inflation in the
former and deflation in the latter. However, this change in relative price levels
is weakened by trade costs since they make all imports less attractive in the first
place. In other words, trade costs act like a buffer that impairs the integration
of international goods markets.

The relationship between long-run relative consumption and short-run rela-
tive consumption can be expressed as

Cip1 = Ci =Ci = CF = (s + A1 — 5))& (45)

With no trade costs (A = 0) and producer-currency pricing (s = 0) the short-
run change in relative consumption is carried over into the long run. With full
pricing to market (s = 1) and for a given exchange rate movement, the effect on
relative long-run consumption is the same in the presence and in the absence of
trade costs.

Taking log-linear approximations of the period ¢ goods market and labour
market clearing conditions as well as of the countries’ budget constraints®* leads
to an expression involving the short-run exchange rate response and the move-
ment of short-run relative consumption

~ P~ t G,—d G}
e s o P+ (46)
¢ I—=s)(p—1+p\)+s

To get the intuition behind this expression, look at its denominator and remem-
ber from (44) that with local-currency pricing, the price indices are unaffected
by exchange rate movements. In that case an exchange rate depreciation does
not change the relative prices of goods and hence demand is unaffected for given
d F; and (d G: — d Gf). However, there is an improvement in the Home firms’
profits?® and therefore in the Home country’s income. The reason is that due
to the depreciation the revenue of Home firms that is generated in Foreign cur-
rency in the Foreign country has increased when measured in Home currency.
Similarly, there is a deterioration in the Foreign country’s income. Hence, this
is referred to as the ‘ncome-switching effect’. As a consequence the boost in
Home income increases relative short-run Home consumption.

With producer-currency pricing, relative prices do change and demand is
shifted to Home goods in the course of a nominal exchange rate depreciation.
Subsequently this is referred to as the ‘demand-switching effect’. Then, again
for given d F} and (d G; — d Gy), relative Home consumption also increases due
to the increase in Home production and thereby Home income, but now this
increase is dependent on the magnitude of p, which is the elasticity of substitu-
tion between goods. So for a given nominal exchange rate depreciation, a higher
p means a stronger demand increase for Home goods and thus a bigger rise in
Home relative to Foreign consumption.

24Cf, Appendix C for details.
25Cf. equation (17).
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Inserting (39) and (45) into (46) eliminates the trade balance variable d F},
0
(1+2-2(1+)) (@~ Cn)+ (1 - naezaci) /
Gi11—-d Gy )
+ 1 _ oA (d +1 < t+1
(r rp) C \ (47)
(1—s) [(p—1)+A(1+%) —A (ng)}
+s[1+2-2(1+2)]

)

e =

Finally, using money market clearing conditions as well as (41), (42) and (45)
and assuming that money shocks are permanent, i.e. (My — M}) = (Myyq —
M{, ), one can show how nominal exchange rate movements are dependent on

monetary shocks and government spending shocks

. " — = G—dG;
(1+7—A<1+E>>6(Mt—Mt)+(1—/\)%

1 Ao (th+1*dG7+|) /
+'r (1 T p cw
~ _ o o e—1)r o
e e(1+2) +(p—1)—e)\<£1+7) 4 (1+2))
2 o e“r41 Jed
o ((1+5) & - (0 5))

ts[(+ D) -A(1+5)) 55

With full pricing to market both a positive Home monetary shock and a positive
Home government spending shock, either in period t or in period t+ 1, lead to a
nominal exchange rate depreciation, and vice versa for positive Foreign shocks.
With producer-currency pricing, however, the effect of shocks is in principle
ambiguous?® and depends on parameter values but will generally also lead to
a depreciation. Note that this ambiguity does not arise without trade costs.
These features will be discussed in more detail in the following section.

5 Sticky prices and other key variables

Apart from the effects of shocks on the nominal exchange rate the reactions of
other key economic variables are examined in this section, both for the short and
the long run. In particular, the focus is on the two extreme cases of full pricing
to market, i.e. local-currency pricing (s = 1), and of no pricing to market,
i.e. producer-currency pricing (s = 0). In the latter case, there is complete
pass-through of the exchange rate to consumer prices.

Due to the log-linear approximation methodology monetary shocks and gov-
ernment spending shocks are additive and thus can be analysed separately. The
reactions of the nominal exchange rate and other key variables to the two types
of shocks in the presence of trade costs are then compared to the ones without
trade costs. Derivations can be found in Appendix C. A numerical evaluation
of the effects is provided in Section 7.

26 The ambiguity critically hinges on the magnitudes of € and 7.
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5.1 The long-run response to shocks

It can be shown?? that

Nw 1 P — 1 th+1 dG*

p—1+4pn

where 6;‘_1_1 = %(@4_1 + C*t* t1)- Thus, the average change in world consumption
is not dependent on monetary shocks.

B r BdF; ]
p=1+in\ 1 f\DC?(p D+pn )| 4G
= _ 2 - t+1
Ciy1 = P \ + {_ (p—1+/2m HETAW ST )} C (50)
(p=2) {3 - 43 () oo
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p 37 (17>\P dG
i 2 — 12 dGryr
Cipr = (p—N) + { (p—1+m7 2p p—1+m7)} C (51)
p + {_ (ﬂ%ﬂ 1A 2(p—1)+m7)} dGiiy
L p—1+pn 2p \ p—1l+pn cr
=~ on BdF;  dGit
hiy1 = ———— — 52
B (p—1+pn>< "Po T C %2
T Fn BdF  dGiy
hi4 = 53
o (p—1+pn> (T pc o (%9)

The steady state interest rate r = 1—;@ does not change in the long run, i.e.

i1 =0 (54)

5.2 Monetary shocks

This section focuses on monetary shocks, i.e. government spending is set to
zero dGy = dGf = dGy1 = dGyyy = 0. As it is obvious from (48), if both
countries face monetary shocks of the same extent (]/Lft = ]\/4\;‘ # 0), these two
effects exactly offset each other. Since in this special case real variables remain
unaffected, it is not considered hereafter. Instead, it is assumed for simplicity
that there is a permanent Home monetary shock only (M; > 0, M;* = 0).

Assuming full pricing to market, i.e. s =1, the expression for the exchange
rate movement given in (48) simplifies to

. e+
t = €t,r=0 — (1+1/r> M, (55)

for any 7. Hence, with full pricing to market, it does not matter for the be-
haviour of the nominal exchange rate whether there are trade costs.

27The derivations are outlined in Appendix C.
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In the case of producer-currency pricing, i.e. s = 0, the effect of an expan-
sionary Home monetary shock on the nominal exchange rate is

(1+2-A(1+5)) M/

G= | e(+9)+(p-1)—er((1+2) 5+ (“Wip)) (56)

2
()-8 )
which is in principle ambiguous in the presence of trade costs. However, as
described in Section 7, within the range of empirically plausible parameter val-
ues, a Home monetary expansion clearly leads to a depreciation. Moreover, this
depreciation appears more pronounced with trade costs, i.e. € > € r=0.

Intuitively, an increase in the level of Home money supply depreciates the
Home currency. This depreciation leads to the demand-switching effect men-
tioned in relation to (46) because it decreases the relative price of Home goods
in both countries. Now due to containment?® trade costs diminish this demand-
switching effect in the Foreign country since they make Home goods less at-
tractive there, whereas they amplify the demand-switching effect in the Home
country. In total, the containment effect reinforces?® the demand-switching ef-
fect because the level of demand for Home goods is lower in the Foreign country
than in the Home country. Hence, in the presence of trade costs a Home mon-
etary expansion leads to a larger depreciation.

In the case of full pricing to market the income-switching effect of the de-
preciation is weaker due to the containment effect. However, also due to the
containment effect, the increased income is then predominantly spent on Home
goods so that the two offsetting effects exactly cancel each other.

Combining (41) and (42) yields the real exchange movement

Di=e+ B = Bi=(s+ M1- ))& (57)

In the case of a Home monetary expansion the real and nominal exchange rates
depreciate in lockstep for any 7 under full pricing to market (s = 1) since the
price indices are unaffected by shocks. For producer currency pricing (s = 0),
however, the real exchange rate is stable with no trade costs but still depreciates
in the presence of trade costs.

Similarly, it can be shown that in the presence of trade costs there is always
exchange rate overshooting for any degree of pricing to market as long as € > 1,
i.e. the consumption elasticity of money demand, represented by 1/e, is smaller
than one

G — = —% [s (1%/167,) A=) (1%/167,)} & ()

The underlying intuition is the same as in the famous Dornbusch (1976) over-
shooting model, namely that overshooting occurs when money demand is suf-
ficiently inelastic with respect to output and consumption. However, without

28(f. Section 4.1 for an explanation of the containment effect.
29This is true for empirically plausible parameter values, cf. Table 2 in Section 7.
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trade costs a monetary shock cannot display exchange rate overshooting if s = 0,
whereas this does happen with trade costs due to the reinforcing influence of
containment on the demand-switching effect.

Since interest parity must obtain in this model, overshooting implies that
the ensuing appreciation must be compensated by a relatively higher interest
rate in the Foreign country. Real interest rates move according to

Ro= 420 (@w (s A - s))a,) L (@w + %%) (59)
- D (Er - e o) -0 (6 - 5o o)

where 1 1
Gy = Ctmo =3 (0 ) W (61)

denotes the average change in world consumption in period ¢, i.e. @w = %(CA} +
C;). Thus, a Home monetary expansion (M, > 0, M; = 0) always® reduces
the Home real interest rate, whereas the effect on the Foreign real interest rate
is ambiguous, i.e. 7 < 0 and 7y § 0 with 7, < 7f. For s = 1 it follows that
Tt = Tt7=0 < 0 and 7} =7 ,_q = 0, i.e. under full pricing to market the Home
real interest rate declines and the Foreign real interest rate is left unaffected
irrespective of trade costs. For s = 0 it follows that 7 ;=0 = ﬁﬁzo < 0 and
Tt < Tr,r=0 < 77 < 0. So without trade costs producer-currency pricing leads to
the same decline in real interest rates for both countries, but in the presence of
trade costs the decline in the Home real interest rate is exacerbated whereas the
decline in the Foreign real interest rate is mitigated. Overall it can therefore be
concluded that trade costs introduce an asymmetry to real interest rates across
countries in response to a monetary shock.
Consumption can be shown to behave according to

b8 )

~ PN 1

Co = Cr+-|(1-9) +s|& (62)
2 (1+%)—/\<p+%)

R R (p—D+A1+2) =N (p+Z

Gr = ctw_% (1—s) 1+ ( ")+s e (63)

(1+%)—)\<p+%>

For empirically plausible parameter values3! Home consumption always goes up
in response to a Home monetary expansion (M; > 0, M;" = 0). The effect on
Foreign consumption is ambiguous, but C, > @* always holds for empirically
plausible magnitudes3! irrespective of trade costs.

30Recall the assumption 8 > %

31Cf. Section 7 for a discussion of the chosen parameter values.
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In the special case of s =1 when é; = €; r=¢ holds it follows that

Lo ferlfr o
Ct = Cir=0= (1 mn 1/r> M, (64)
at* = at*,'r:0 =0 (65)

The intuition is that with full pricing to market, there are two effects of a Home
monetary expansion in the Foreign country that exactly offset each other. As a
direct effect the income-switching reduces Foreign firms’ profits. As an indirect
effect there is an increase in Home spending on Foreign goods as a consequence
of the income-switching, which pushes Foreign firms’ profits up again. Hence,
in terms of consumption, under full pricing to market the Foreign country is
insulated from events in the Home money market and there is no spillover effect
on Foreign consumption®2. However, if s = 0 and also if € = 1 it can be
shown that a Home monetary expansion raises consumption in both countries
for empirically plausible parameter values®!, both with and without trade costs,
so that there is a spillover effect.
Output moves according to

~

he = CpP + 1(1 - s)pe;
1 [(1 ) ((‘"”“(”r

hi = Cp — 3(1 - s)péy
(p—1)+A(1+2
—%A{a—s)(" (

la
N~—
|
>
[V
-
)
+
IS |a
—
|
>
AS
N~
+
[
—_
2
—
D
D
S~—

la
N—
|
>
L~
°
<k
—
I
>
)
N———
+
V)
—
i)
—~~
S
J
~

With s = 1 a Home monetary expansion leads to

~ ~ 1 . 1 1 PN ~
0 < ht:CZ"U+§)\€tI(1+)\)— <ﬂ> My > Cf = hyr—o > 0(68)

2\1+1/r
~  Aw i~ L et 1/r\ = Ao o
0 < hi=Cj 2)\et_(1 A)z (1+1/T>Mt<Ct =hi.—o>0(69)

This is a direct consequence of the income-switching effect and the containment
effect. The Home monetary expansion and the ensuing depreciation boost Home
income so that Home spending increases. This additional spending is evenly
spread over the two countries in the absence of trade costs, leading to the same
output rise in both countries. However, the containment effect of trade costs
channels a greater share of that spending towards Home goods so that the
symmetry vanishes, i.e. hy > hf. If s = 0 the results again depend on parameter

32In the case of s = 1 note that a higher € leads to a higher é;“and €; and thus a higher ét‘
Intuitively, the reason for the rise is the consumption elasticity of money demand, given by
1/€ in (10). Home consumption must increase more strongly in response to a Home monetary
expansion when ¢ is higher. As can be seen from (55), this is achieved with a stronger
depreciation of the Home currency, leading to higher Home income and thus higher Home
consumption.
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values but Et > ﬁ;“ always holds for empirically plausible magnitudes3!, both
with and without trade costs.

As discussed with (39), the asset positions induced by a period t change in
the trade balance are carried over to the long-run equilibrium, i.e. d Fi4+1 = d F.

(p-1a-») \.

BdF, _lo(p—2}) (1- 2 (70)

PCv  2r p (1+%)_)\(1+Tgp>

With full pricing to market there is no effect of a Home monetary expansion on
the Home trade balance and therefore, via (39), (Ciy1 — Cyy 1) =0, i.e. in the
long run consumption reverts to the initial equilibrium level in both countries.
Intuitively, as mentioned with (64) and (65), the income-switching reduces For-
eign firms’ profits, but this is exactly offset by the increase in Home spending
on Foreign goods and the ensuing increase in Foreign production in (69). Thus,
from (60) and (65) the Foreign real interest rate and Foreign consumption do
not change so that in total the Foreign country does not need to borrow from
the Home country in order to smooth its consumption path. However, from
(59) the Home real interest rate drops, giving Home consumers an incentive to
consume more in the short run. This can be seen from (45) by setting s = 1

Ct+1—CZ‘+1:0:Ct—é\t

Hence, the short-run Home consumption rise is proportional to the depreciation
caused by a Home monetary expansion. Yet in the long run this increase in
consumption cannot be sustained33 since there is no permanent wealth effect
from the Home monetary expansion, or - as Betts and Devereux (2000) put it
- “after the first period there is full money neutrality”. This result holds both
with and without trade costs.

For s < 1 the right-hand side of expression (70) is unambiguously positive in
the case of an exchange rate depreciation and therefore leads to higher relative
long-run consumption for the Home country, i.e. (Ci41—Cf, ;) > 0. The extent
of this effect is in general different with trade costs, depending on parameter
values, but not significantly so.

Table 1 summarises the above discussion. In combination with monetary
shocks trade costs tend to increase the variability of the nominal and real ex-
change rates. Moreover, they make overshooting of the nominal exchange rate
more likely and introduce asymmetries to real interest rates and output across
countries. The effects on short and long-run consumption variability and on the
trade balance are not significantly altered by trade costs.

338ee equation (50).
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Table 1 The effect of a permanent Home monetary expansion

M >0, M* =0 Full PTM (s = 1) No PTM (s = 0)
Nom. exch. rate et = e” —0>0 é} > a = > 0%
Real exch. rate z,ZJt wt +—0 >0 wt > z,ZJt =0 =0
Overshooting () )=C )T 0>0%* (") > (N)T —o=0%
Real interest rates Tt =Ttr=0 <0 Tt <Trr=0 <T7; <0
ﬁ:ﬁf 0=0 ?t'r 0:7?;7 0<0
World cons. Ct —CtT 0>0 Ct —C” 0>0
Home cons. C’t CtT 0>0 C’t>0 C’tT 0> 0%
Foreign cons. Ct Ct 7=0 =0 Ct > 0, Ct so > 0%
Output ht > ht, ht >0 ht > h* *
Ttyreo = hfreg >0 ﬁ”o>h”0"'
Home trade bal. dFt dFtT 0=20 dFt>O dFtT 0o>0
Long-run rel. cons.  (Cpyq — Ct+1) =0 (Cpyt — Ct+1) >0

*For empirically empirically plausible parameter values>!

5.3 Government spending shocks

This section focuses on government spending shocks and rules out monetary
shocks (Mt Mt = 0). As it is obvious from (48), if both governments increase
their spending by the same extent at any time (d Gy = d G # 0 and/or d G¢11 =
d G711 #0), these two effects exactly offset each other. It is therefore assumed
that there is no government spending in the Foreign country (d Gy = d Gy, =
0). Due to the symmetry of the model it is straightforward to derive the effects
of the opposite scenario.

Furthermore, there are three different scenarios with government spending
- transitory government spending shocks (d Gy > 0, d Gi+1 = 0), anticipated
government spending shocks (d G¢ = 0, d G¢41 > 0) and permanent government
spending shocks (dG¢ = dGi41 > 0), which are the sum of transitory and
anticipated government spending shocks®*. Note that since in period ¢ + 1 the
new long-run equilibrium is reached, a government spending shock occuring in
that period by definition means that it persists in all subsequent periods in the
absence of further shocks?

Turning to transitory government spending shocks first, from (48) full pricing
to market (s = 1) brings about

(<1+%>—A(1+rp))(%f/%)

34Remember that due to the log-linear approximation methodology all shocks are additive
and thus can be analysed separately.

351n that respect an anticipated government spending shock can be regarded as ‘permanent’
in the sense of ‘persistent’ as well. However, in this paper’s terminology ‘permanent’ means
that a government spending shock already occurs in period t and then in all subsequent
periods, not only in period t 4+ 1 and all subsequent periods.

~

e =
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Since in the denominator [(1 +2)-A (1 + f—p)} > (1+2)(1— ) it follows
that &; < €;,=0. As the price indices are unaffected by shocks with full pric-
ing to market, due to (57) this result means that both the nominal and the
real exchange rate are less volatile with trade costs. The intuition is that with
trade costs the containment effect tends to keep Home government spending
in the Home country. Therefore, with an increase in Home government spend-
ing (d Gy > 0), the resulting relative demand for Home goods is higher in the
presence of trade costs such that Home income is boosted relative to Foreign
income. Thus, the required income-switching effect is smaller than in the ab-
sence of trade costs and can be achieved with a more moderate exchange rate
depreciation. Hence, in the presence of trade costs and full pricing to market
exchange rate adjustments caused by transitory government spending are less
pronounced?6.

An anticipated government spending shock in the case of full pricing to
market also causes an exchange rate depreciation

1(1_22)dGin
r p C'lu

EEEEE

Again this depreciation is less pronounced in the presence of trade costs3®
(€+ < €,r=0) since in the denominator [(1 +2) - (1 + Tlp)} > (14+2)(1-X)

~

e =

(72)

Ag
P
for an anticipated government spending shock is the same as with a transitory

shock. However, as Section 7 shows numerically, the exchange rate depreciation
is much stronger in the case of an anticipated Home fiscal expansion. The rea-
son is that in period ¢+ 1 the new long-run equilibrium is reached, which means
that the Home government maintains its higher spending in all subsequent pe-
riods. Accordingly, Home individuals anticipate the future higher burden on
their budget constraints via (5) and (13) and a more vigorous income-switching
effect is needed compared to a transitory government spending shock.

Since the effect of a permanent government spending shock is simply the
sum of the transitory and the anticipated shock, the above results go through
for a permanent shock. Hence, when there is full pricing to market, trade costs
unambiguously?® reduce the variability of the nominal exchange rate for any
type of government spending shock since they act like a buffer that contains
spending in its country of origin. As a consequence of that containment effect
the required income-switching effect is smaller and exchange rate movements
are toned down.

The effects of government spending shocks with no pricing to market (s =
0) are more intricate. From (48) the exchange rate movement caused by a

and, comparing this with the numerator, (1 — \) < (1 — The intuition

36Note that this conclusion does not depend on parameter values.
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transitory fiscal expansion equals

1—)4d&
é\t: ( )C (73)

e+ +(p-1-2e((1+9) 5+ (1+5))
2
R((45) (0 )

The sign of this expression is in principle ambiguous in the presence of trade
costs. However, as described in Section 7, within the range of empirically plau-
sible parameter values®!, a transitory Home fiscal expansion leads to a depreci-
ation and, like with full pricing to market, is considerably less pronounced with
trade costs, i.e. €; < €;r=0. However, the underlying intuition®? is different.
The depreciation decreases the relative price of Home goods in both countries,
leading to the demand-switching effect mentioned in relation to (46). The con-
tainment effect of trade costs amplifies the demand-switching effect in the Home
country, whereas it diminishes this demand-switching effect in the Foreign coun-
try since it makes Home goods less attractive there. But the level of demand for
Home goods is lower in the Foreign country than in the Home country so that in
total, the containment effect reinforces the demand-switching effect. Therefore,
a comparatively small depreciation is enough to boost the Home economy and
finance the government spending.

An anticipated Home fiscal expansion with no pricing to market can in prin-
ciple also lead to an ambiguous exchange rate movement

1(1_22)dGin
r p C'lu

—1

e(+2)+(p-1-2e((1+2)EH+ (1+2))
2 (2r+1)
(1) & - (0 5))
But within the range of empirically plausible parameter values®! it clearly leads
to a depreciation. However, it is likely to be larger than without trade costs, i.e.
€ > e1,r—0.>" Like with full pricing to market the exchange rate depreciation is
much stronger numerically in the case of an anticipated Home fiscal expansion
due to the fact that period ¢ + 1 government spending is maintained through
all subsequent periods. The permanent government spending shock as a combi-
nation of transitory and anticipated fiscal policy is therefore dominated by the
latter.

A government spending shock can only have an impact on period ¢ world
average consumption if the shock is permanent

e—1 p—l lth-i-l
el+r)p—1+pn2 Cv

(74)

e =

Cr=Clcg=— (75)

Also note that there is no effect unless € # 1. Intuitively, it can be seen from (10)
that a higher price level, caused by the depreciation, reduces the real monetary

37Note that this intuition is also dependent on the parameters and is particularly sensitive
to the effects of a depreciation on consumption and to the consumption elasticity of money
demand, represented by 1/e.
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base of the Home economy. The bigger € is, i.e. the more inelastic money de-
mand is with respect to consumption, the bigger is the reduction in consumption
that is necessary for a money market equilibrium?3?.

s (P—1D)+A(14+2) -2 (p+3) AP
+1 ((1 ) (1+0) (p+rlp) + ) t

2 s L(1-2e)dT0
(1+2)-A(p+:5)
((1 —s) (o= 1)+>\(£ £ (o) —|—S> €

[ £)2 (o+75)
) (‘l )dCt+l

o ,.( i

=0+ 11— s)pe, + 148
1 B (P=D+AA(1+2) =N (p+5) ~
+5A [(1 s) TS 2) L2 —X\p | +s|é
A R (o
() A(75)

hi = Cp — 5(1 = s)pe, + 54+
_1 _ (P~ DHN1+2)-N(p+5) ~
2)\ |:(1 5) (1+a) (p+‘7ﬂ) L )\p +s|&
(52 —o) 4G+ 1(1&)“2;J1j|
T r o

(1+2)-2(1+3)

+3A

6 Welfare analysis

The advantage of this model’s utility-based approach is that it allows for a
rigorous welfare analysis. Thus, the international welfare spillover effects of
shocks can be examined. The methodology of Obstfeld and Rogoff (1995) is
adopted such that the utility function (1) is decomposed as U; = UJt + UM.
where U consists of the terms depending on consumption and labour and UM

38The effect on the Foreign price level and hence the Foreign real monetary base is the
opposite. However, in terms of world average consumption these two effects do not offset each
other because only the Home individuals have to finance the Home government’s spending
increase via the payments made to the government in (5), where Z; becomes negative. This
further reduces Home consumption and therefore dominates the world average.
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incorporates real money balances

Uft = Y B8 (log Oy + nlog (1 — hy)) (81)

v=t

UM iﬂ” (i (%v)l_e) (82)

As Obstfeld and Rogoff (2000) argue, unless real money balances are assigned
an implausibly large weight, -, the overall welfare effect of a Home shock is
dominated by Uf. Therefore, UM is neglected in the following. The notation
for the Foreign country is analogous. In the following the focus is on the two
extreme cases of local-currency pricing (s = 1) and producer-currency pricing
(s = 0). The equations for the intermediate case of 0 < s < 1 and the derivations
of the results can be found in Appendix D.

6.1 Monetary shocks

The welfare impact of a permanent Home monetary expansionary shock is ex-
amined®, i.e. M; > 0 and M, = 0. For local-currency pricing (full pricing to
market) it can be shown that

cr 1 p—1\ -
R _ t 1 .
AUR = - +2(1 — /\>et>0 (83)
Cv o1 p—1\ -
L A (§ I Y 4
au; ; 2( A (84)
= 2%—dUtR<O (85)

This result is in line with Betts and Devereux (2000) in the sense that pricing
to market leads to negative international welfare spillover effects, making the
Home country better off, whereas the effect on Foreign welfare is negative®C.
Hence, an unexpected Home monetary expansion is a “beggar-thy-neighbour”
instrument. However, since 0 < %1)\ < 1 trade costs diminish the asymmetry
of the shock*!, reducing the positive effect for the Home country and decreasing
the welfare loss of the Foreign country. Only in the limit, with A close to one,
is the welfare effect neutral?” for the Foreign country since in that case, trade
does not take place and the Foreign country is insulated from the Home money
market

cr o1 C

1. R = —t —A pr— —t
lim dU; P + 2pet p (86)
lim d U®R =0 (87)

39Due to the symmetry of the model the impact of a Foreign monetary expansion is analo-
gous.

40See Appendix D for the derivation of this result.

41Recall from (55) and (61) that neither & nor 6’2" depend on trade costs.
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Intuitively, as can be seen from (68) and (69), trade costs induce Home
individuals to work harder than Foreign individuals in response to a Home
monetary shock because of the income-switching and containment effects. But

as (61), (64) and (65) show, C* and therefore Cy and C; do not depend on
trade costs.

Like in the previous sections the analysis under producer-currency pricing
depends on parameter values. The changes in utility induced by a permanent
Home monetary shock can be expressed as

R_CY 1 (p=DE214+2)=((p=DA=X)(p+F) |
O ( ()24 “
_1(p— 1) 1+(1-3))(142) .
2 A ((1+£.)—>\2(p+%) —l)e (88)
11 (p—1)n (p—1)(1=2%) ~
+7’2 (U Ap(p+77 1)) (1+%)7>‘(1+,‘L/,) €t

1
NG G (89)
_11 (p=1)n (p=1)(1=2%) ~
7’2< — Ao 1)) ((1+ ) (1+”))>et
= 2% _quUp

Thus, with producer-currency pricing trade costs lead to asymmetric interna-
tional welfare spillover effects. Without trade costs these expressions become
unambiguously positive and symmetric

~
w

The symmetry of this special case occurs because monopolistic competition,
through which the price of a good exceeds its marginal cost of production, is
the only source of distortion in the two economies. Due to the Home monetary
expansion and the ensuing depreciation Home goods get relatively cheaper under
sticky prices. Hence, Home individuals work harder and produce more. In the
initial equilibrium with monopolistic competition this decrease in the price and
the subsequent increase in production lead to higher revenue. In terms of utility
the marginal effects of higher revenue and higher work effort cancel due to the
envelope theorem. Vice versa, Foreign individuals get less revenue but work
less and the utility effects also cancel. Thus, the first-order effect of a Home
monetary expansion is only to raise world demand and output. The associated
demand-switching effects are second-order®?

The results of this welfare analysis differ from the findings of Obstfeld and
Rogoff (1995) and Betts and Devereux (2000). These authors conclude that

42For more details on the intuition cf. Obstfeld and Rogoff (1995), pp. 647-649.
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with producer-currency pricing*? there are positive and symmetric international
welfare spillover effects in the presence of monetary shocks like in (90). However,
as can be seen from (89) trade costs introduce a welfare asymmetry that depends
on parameter values. The reason is that apart from monopolistic competition
trade costs introduce a second type of distortion such that they directly influence
the amount of labour worked, which can be seen in (66) and (67). As Obstfeld
and Rogoff (1995) postulate, it is a matter of empirical analysis to find out
which type of distortion dominates.

Furthermore, in their pricing-to-market extension Betts and Devereux (2000)
find that local-currency pricing introduces asymmetries to the international wel-
fare spillover effects, which can be seen by setting A = 0 in (83) and (84). While
this property still holds in general, trade costs diminish the extent of the asym-
metry due to the containment effect. Therefore, in the presence of trade costs
the consequences of monetary shocks in terms of welfare are distinct from a
world with perfect international goods market integration.

6.2 Government spending shocks

For the analysis of a government spending shock it is assumed that there is no
government spending in the Foreign country (d G} = d G, = 0). Furthermore,
the Home government spending shock is permanent (d Gy = d Gi41 > 0). For
local-currency pricing (full pricing to market) it can be shown that

R_CF 1 _ p;l - 1 |p=1_ 1 (pA+r)+Xp(l—0c—r)—1) dG
dUt__pL+2<1 >‘>et 2{/) T (1+2)2(1+3) )}C_L
dG,

1[3(1-0) n_ (1—0o) 1_pn—n
T [21+% +p 1+pn 1+p A ((1+ )0+29 1+pn )| C»
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P Tp (1+2)-2(1+3)
1] 3(-0) P 37 A (3Q=0) 1 pny 4G,
NG [ EEEa (P_A) (P i-hm?) =X ((1+ =y, T 3=t )| O%

For producer-currency pricing welfare changes are given by
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+’)" |: 1+2 + p—1+pn 1 + A\ (1+2Z)o + 2 p—1+pn cw

(93)

43Producer-currency pricing (s = 0) is an implicit assumption of the Obstfeld and Rogoff
(1995) paper.
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1(1—0o
[_ 2£+%) + (P )‘) (P 1+P77 - ((H%)f1 + %pffipn)} <
(94)
All above expressions depend on parameter values and hence have to be
evaluated numerically.

7 A numerical evaluation

Key results from the above discussion are that trade costs tend to increase
the variability of the nominal exchange rate in response to monetary shocks,
whereas they tend to decrease it in response to government spending shocks
when there is full pricing to market. The effects of shocks on the exchange rate
with no pricing to market are less clear-cut and rather depend on parameter
values. This section numerically evaluates the effects of shocks on the exchange
rate and other variables.
Following Betts and Devereux (2000), the parameter values are chosen as

p = 11

= 10/11
r = 0.06
e = 1

From (18) the price markup of the monopolistic firms is ;%. Thus, the chosen
parameter value of p implies a markup of 10%. The real interest rate of 6%
implies 8 ~ 0.94. As to the magnitude of trade costs, Obstfeld and Rogoff
(2000) suggest a value of 7 = 0.25. However, a slightly lower value of 7 = 0.2 is
chosen here due to model consistency considerations. The reason is that in this
model the share of real output** that is produced domestically and exported
abroad is given by

1
Export share of output = 5(1 - ) (95)

With no trade costs (A = 0), each country exports exactly half of its output
due to the equal country size. Both for the two large economies of the United
States and Japan the export share of GDP was close to 10.5% in each 1999,
2000 and 2001, implying a magnitude of trade costs of about 20%. For small
economies whose export shares are bigger a lower value than 20% would be more
appropriate.

44 As a clarification this share is the gross share of real output that is loaded onto ships in
the country of production. During the transportation process a fraction 7 of this share gets
lost because of the iceberg trade costs. Hence, a fraction (1 — 7) of this share is the net share
that actually arrives in the destination country.
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Table 2 reports the effects of expansionary Home shocks on the nominal
exchange rate and Table 3 reports the effects of an expansionary Home monetary
shock other variables. The effects of Foreign shocks would be analogous due
to the model’s symmetry. The effects are computed by evaluating (48) and,
using the chosen parameter values and a 1% shock. All reported numbers are
very robust such that their magnitudes do not change significantly when the
parameters are decreased or increased by a quarter of the above chosen values.

Table 2 The effect of Home shocks on the exchange rate

Full PTM (s =1)

No PTM (s = 0)

7>0 =0
M >0 1.000 1.000
dG;>0,dGu1 =0  0.007 0.032
dG;=0,dGys1 >0 0.506 0.528
dG; =d Gy >0 0.513 0.560

T>0
0.965
0.006
0.451
0.457

7=0
0.891
0.024
0.401
0.425

Percentage deviations from initial equilibrium due to a 1% shock.
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Table 3 The effect of a Home monetary shock

Effect on Full PTM (s =1) No PTM (s =0)
7>0 7=0 7>0 7=0
Short run
P, 0.000 0.000 0.086 0.380
Py 0.000 0.000 —0.086 —0.380
¥, 1.000 1.000 0.718 0.000
Overshooting (7) 0.000 0.000 0.000 0.000
i ~15.667  —15.667  —13457  —7.833
7 0.000 0.000 ~2.210 —7.833
cw 0.500 0.500 0.500 0.500
Ci 1.000 1.000 1.077 0.620
Cr 0.000 0.000 —0.077 0.380
Ty 0.903 0.500 2.680 4,676
hy 0.097 0.500 —1.680 —3.676
Wealth effect
Bk 0.000 0.000 1.321 3.676
Long run
C¥ 0.000 0.000 0.000 0.000
Cis1 0.000 0.000 0.047 0.120
Cr s 0.000 0.000 —0.047  —0.120
i1 0.000 0.000 —0.040 —0.110
By 0.000 0.000 0.040 0.110
a1 0.000 0.000 0.000 0.000
Welfare
AUf 0.179 0.545 0.020 0.045
AUt —0.088 —0.454 0.071 0.045

Percentage deviations from initial equilibrium due to a 1% shock.

Recall that all monetary shocks are assumed to be permanent, i.e. Mt =
Mt+1 = M and that the effect of a permanent government spending shock is
the sum of the effects of a transitory and an anticipated government spending
shock.

The anticipated government spending shock (d G¢41) outweighs the transi-
tory government spending shock (d G¢) due to its prolonged nature as a new
long-run equilibrium value. As discussed intuitively in Section 5, a monetary
shock has the same effect on the exchange rate under full pricing to market
independent of trade costs but it increases the exchange rate variability in the
absence of pricing to market. In contrast, any government spending shock de-
creases the variability of the exchange rate under full pricing to market. In
the case of no pricing to market the results are less clear-cut for government
spending. A general caveat in that case is the analytical ambiguity in the form
of a dependence on parameter values, whereas the results for s = 1 hold inde-
pendently of any specific values.
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8 Rebating trade costs

The iceberg trade costs of this model have the unrealistic feature that a substan-
tial amount of the economy’s resources disappears without benefitting anyone.
Although a certain dead-weight loss associated with trade is conceivable in the
form of red tape, language barriers and the dead-weight loss of tariffs, there
are likely to be sectors in the economy that absorb trade costs, for example
transportation companies. A recent strand of literature has incorporated a dis-
tributional sector into trade models, e.g. Bacchetta and van Wincoop (2002).
This idea is also pursued in this section but in a different fashion.

It is assumed that by holding a monopoly on the shipping of imported goods
the governments are able to recuperate a varying share of the resources in the
economy that disappear in the trading process. This revenue is then rebated
to consumers in a lump-sum fashion®®. As a motivation, the situation where a
government holds a monopoly on importing goods and rebates the revenue from
that monopoly to consumers is comparable to an import tariff and a lump-sum
transfer of the tariff revenue. A government might want to pursue such a policy
to protect its domestic economy from foreign competition.

The export share of real output for the Foreign country is denoted by x;*
so that the real quantity of iceberg trade costs incurred by the Home country
is 727.47 Note that with 7 = 0 this quantity reduces to zero. Let § denote the
share of the iceberg trade costs that the government is able to recuperate. The
Home government budget constraint (13) now becomes®®

6

PG+ Zy = My — My_y + 67 [sp; + (1 — s)ewq)] o} (96)

Note that the amount of trade costs recuperated by the Home government de-
pends on a part of Foreign output, «}, which in turn depends on Home demand.
With 6 = 1 the government can recuperate all trade costs so that 7 is equivalent
to an import tariff. With 6 = 0 the model collapses to the one of the preceding
sections. If 0 < § < 1 there is some dead-weight loss associated with trade.

8.1 The initial equilibrium with flexible prices

Analogous to Section 3 an initial equilibrium where prices are perfectly flexible
can be computed. It is assumed that F = F* = G = G* = 0. In this equilibrium
the supply of labour and thus output is reduced with rebating.

p—1
h=h=y=y" = (97)
p—1+pn[l+6m5(1—N)]
451f the governments consume imported goods themselves, they rebate the associated trade
costs to consumers, too.
46This notation was introduced in Section 2.3.
47In (95) and in Appendix C the export share of real output for each country is given as

%(1 — A) so that in equilibrium the real quantity of goods imported to the Home country is
z* = 1(1— N)y*, where y* = p—_% from (21).
48The aggregate budget constraint (5) does not change.
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Note that for § = 0 this expression simplifies to (21). P and % are unaffected.
PPP still holds.

1
—1

o =148 =N 1 \7
¢= _p—1+p77[1+5i'%(1—)\)](1+/\> (%8)

is bigger than (22). Therefore, it must be that

ou  oU*
% = W >0 (99)
Real profits drop
p=1 pil
T_ P . (100)
P p—1+pn[l+6r5(1—=N)] \1+2A

Nominal profits drop as well.

8.2 The long run
1 p 20-B)dFR 1(p—5\ (dGri —dGf)

(Con = C) =50 N " Pev F N o (101)
where 5o
—1 1+673(1— A
~_p= 1t [l+75(1-N)] (102)

p—1+n[l+6r5(1-N)]

For ¢ = 0 it follows ¢ = o where o is defined in (40) and (101) reduces to (39).
For 0 < 6 < 1 it follows & < o since % < 0. Hence, qualitatively rebating does

not change the result for the long-run consumption differential.

9 Varying country size

It is desirable to find out whether the results of the previous sections only obtain
for two countries of equal size or whether they uphold qualitatively for a varying
country size?”. In particular, the limiting case of a small open economy is a point
of interest.

Households still choose among a range [0, 1] of differentiated tradable goods,
the fraction n of which is now produced in the Home country and the fraction
1 —n of which is produced in the Foreign country with 0 < n < 1. Accordingly,
the price indices now become

1

n n+(l—n)s 1 1—p 1 1 1—p =
/ Pitl_pdi-F/ <_P:t> di+/ ( etq;'kt) di
0 n -7 n+(1—n)s 1-—7

(103)
49Both Obstfeld and Rogoff (1995) and Betts and Devereux (2000) also allow for a varying

country size.

P =
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and

1

ns 1 1—p n 1 1 1—p 1 —p
[ () i [ ()i [ ad
0 1—71 ns \1—Te n

(104)

P =

They are completely analogous to (3) and (4).

9.1 The initial equilibrium with flexible prices

As in Section 2.3 price flexibility is assumed for the initial equilibrium in the
sense that the firms set their prices after the exchange rate and the wage rate
are known. Then the aggregate profit function is described by (17). The price
markups turn out to be the same as in (18) and (19). Furthermore, it is still
assumed that Z = Z* = F = F* = G = G* = 0 in the initial equilibrium. The
expressions

O=n+(1-n)(1—-71)"" (105)

0* =1 —n)+n(l—71)1 (106)
_1--nt (B

Tl (B 2 (107)
1—-(1—7)p ()2

K= £ (1_n) 4 (108)
1+ -7 (25) %

x=1- (£+ (1;”)> (1—7)r1 (109)

are used in the following as terms involving the trade costs parameter 7 and the
country size parameter n. Note that for n = 1 — n it follows that § = 6" and
K =K*=x = X\ as given in (20) so that A is a special subcase of x and x*. For
n > 1—n it follows § = #*. Also note that —1 < x < 159 for 0 < 7 < 1 and
0<n<1 ForT=0Iit follows that § = 60" =1, k =2n — 1, k* =1 —2n and
x = 0. The time index ¢ is dropped to denote the initial equilibrium values.

In the literature models without trade costs normally use the law of one
price for labour (W = eW™) as a nominal anchor, which then automatically
leads to PPP (P = eP*). However, in a model with trade costs in combination
with a differing country size these two cannot hold at the same time. The law
of one price for labour is chosen in the following as the nominal anchor of the
model®!. As a consequence, the law of one price holds for the f.o.b. prices of

50 becomes negative for a combination of very small 7 and very small n.

51 Alternatively, PPP could be chosen as the nominal anchor of the model. Then, however,
the law of one price would no longer hold for the f.0.b. prices of all goods. In the special case
of symmetry (equal country size) or if there were no trade costs, there would be no deviation
from PPP in the initial equilibrium, cf. Obstfeld and Rogoff (1995) and Betts and Devereux
(2000).
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all goods. This normalisation allows for the analysis of PPP deviations that are
due to trade costs.

Output is still of the same magnitude as with equal country size, given in
(21)%2. However, the equilibrium levels of consumption, real profits, real wages
and prices are influenced by the country size

C = hoeT (110)
c* = KT (111)
h
% — ;eﬁ (112)
* h*
% - ?9*% (113)
w ~1
5 = ”p g7 (114)
W ~1
= = PTQ*F—L (115)

Remember that C, C*, 7 and 7* are per capita variables®®. The nominal and
real interest rates of the initial equilibrium are the same as with equal country
size, given in (26) and (27). The equilibrium nominal and real exchange rates

are given by
1 1

M (CT\* [ f\7T
E_W(?) (e_) (116)

_ePr 8N\
v=E (9) (117)

The price levels can be shown to be

P = 5L w (118)

% * —— p *
P = 6" 7- W 119
g (119)
As in Section 3 M and M™* are normalised such that W = W* = 1. It therefore
follows that e = 1 in the initial equilibrium. Note that the law of one price for
labour holds, i.e. W = eW™ but PPP does not hold in the initial equilibrium

since ¢ # 1.

52Note that h and h* denote output per Home and Foreign household, respectively. nh and
(1 — n)h* denote the aggregate quantities.

53The corresponding aggregate quantities would be nC' and n7 for the Home country and
(1 —n)C* and (1 — n)7* for the Foreign country, respectively.
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Relative consumption can be expressed as

A
c(2) 20

Note that for n = 1 —n, % =1, forn>1-—n, % > 1 and for n < 1 — n,
CC* < 1. There are similar effects for the other above variables. Thus, a small
country suffers more from trade relative to a big country in terms of lower
consumption, a higher price level, a lower real wage and lower real profits.
In other words, the bigger a country is, the more it is insulated from trade
costs. Intuitively, since all goods are equally desired by the consumers in the
composite consumption index (2), a small country has to rely more on imports
than a big country and hence is more exposed to trade costs. Since imports
are more expensive than domestically produced goods due to trade costs, the
composition of consumption in (110) and (111) is biased towards domestically
produced goods. In other words, there is a ‘Home Bias’ in consumption in each
country, which is consistent with the ‘Home Bias in Trade Puzzle’ pointed out
by McCallum (1995) and others.

Obviously, this result crucially depends on the symmetric preference spec-
ification in (2). Abandoning this symmetry and introducing a home bias in
preferences would mitigate the negative effects for the small country. However,
Evans (2001) finds that empirically locational factors arising due to geographic
distance and legal regulations - and not consumer preferences - are the only
significant reason for the tendency of consumers to purchase domestic goods®.
Her findings are therefore consistent with the preference structure of (2) and
the trade cost specification of this model.

9.2 The long run
(38) still holds and (39) becomes

R ~ B l p (1—ﬂ)dFt
(Ci41—Cfy) = pu (p _ %(/{—&— ,{*)) PC(1—n)

1

o C

(121)
This means that the result from the section with equal country size goes through
qualitatively. The A in (39) has effectively been replaced by %(I{ + k*) and C%
has been replaced by C and C*, respectively. Note that for 7 = 0, $(k+x*) = 0.

(p—3(k+K7))

54Fvans (2001) compares prices and quantities of imported goods, of goods produced by
American firms for domestic sale and of the same goods produced by foreign affiliates of
these American firms for local sale. Her data set encompasses seven industries, ranging from
transportation equipment to food products, and nine OECD countries over the period 1985-
1994. She finds that the ad-valorem tariff-equivalent of producing domestically and shipping
abroad ranges between 51 and 105 percent across industries, which considerably reduces the
attractiveness of the foreign goods for domestic consumers. Establishing and selling from an
affiliate, however, does not lead to any negative effect on sales of these foreign products when
compared to sales of domestic goods. In other words, French consumers do not intrinsically
prefer French to American beer, only if it is cheaper.
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9.3 The short run
From (103) and (104) it can be derived that

Pi=(1-m)(1—s)5( 1) "% (122)
Pr=—n(l- 5)9—1*(1 — )P lg, (123)
Note that
hmlﬁt =0 (124)
hmlPt = —(1-9)e (125)

These results are intuitive since when the Home country is overwhelmingly big
(n — 1), the Home price index is not affected by any movement in the nominal
exchange rate, whereas the Foreign price index goes down for a given nominal
exchange rate depreciation (e; > 0), depending on the fraction of firms that are
not able to price to market (1 — s).

The equivalent of (45) is given by

Ot = Cpyy = Co = Cf — (s +x(1 - 9))a (126)

The A in (45) has effectively been replaced by .
The equivalent of (46) is given by

(Co—Ch) + 52 Za& +(d—c"—d§i7)

—L(k+r* —n
o — (I—L(str") PC(I—1)

(1_5)([,_(1_)()(1_/’2M +s

(1=3 (k+5))

The equivalent of (47) is given by

The equivalent of (48) is given by

(142 =30+ w) (14 2)) eV = M) + (1= o+ 7)) (26 — 455
3 (12 k4 ) (2 - 450)

é = BREEErE 1) ex (1+) {5 — egln+0) (145
(1=2) +x3 (s ( )(Ee::ll) (p+ﬁ))

+s[((1 —) — L+ w >(1+ 2)) ]

(129)
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10 Conclusion

Consistent with recent empirical evidence on imperfect international goods mar-
ket integration, this paper introduces trade costs into a two-country general
equilibrium model of pricing to market. Trade costs do not only incorporate
transportation costs but basically any kind of border effect. In the flexible-
price equilibrium trade costs reduce consumption, real wages and real profits
but leave labour supply unaffected, hence making individuals worse off. The
smaller a country is relative to the other, the more it suffers from trade costs.

As a general feature trade costs exhibit a ‘containment effect’, which means
that they make imports relatively expensive and thus tend to contain spending
in its country of origin. In other words, trade costs act like a buffer between
countries and therefore obstruct the integration of international goods markets.
Since imports are more expensive than domestically produced goods, consump-
tion is biased towards domestically produced goods. Thus, trade costs give rise
to a ‘Home Bias’ in consumption, which is consistent with the ‘Home Bias in
Trade Puzzle’ pointed out by McCallum (1995) and others.

Furthermore, with sticky prices and under full pricing to market there is an
‘income-switching effect’, namely in the case of a Home depreciation relative
prices and thus relative demand do not change but Home profits are boosted,
whereas Foreign profits fall. Due to the containment effect a greater share of
the additional revenue is channelled towards Home goods, thus reinforcing the
income-switching effect. With sticky prices and no pricing to market there is a
‘demand-switching effect’ in the sense that a Home depreciation makes Home
goods relatively cheaper, boosting Home profits. Again, trade costs reinforce
this demand-switching effect due to containment.

When an economy is hit by government spending shocks and there is full
pricing to market, trade costs unambiguously reduce the variability of the nomi-
nal exchange rate. With no pricing to market the effects of government spending
shocks are less clear-cut and depend on parameter values. In general, trade costs
make overshooting more likely.

All these qualitative results are robust towards the extension of rebating
trade costs to consumers. Thus, the results indicate that trade costs have wide-
ranging implications for the behaviour of key economic variables. They may
therefore help to gain insight into recent empirical findings on the imperfect
integration of international goods markets.
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A  Households and firms

The derivations of the expressions in Section 2 are outlined here.
The demand function in (7) is derived by maximising C; in (2) subject to
the expenditure given by

3 . 3tzs i . 1 1 . .
K= PitCit d i + (-——pi)endi+ ( eqiy)cit di
0 1 1—7 11 1—17
2 2 2

Maximising utility (1) subject to a two-period intertemporal budget con-
straint

Pi1Covr + Myyr + dip1 Fon = Wigi by + mepr + d’d—?lﬂft + Zit
+d% (Wihe + 7 + My—1 + Zy + Fi—q — PCY]

constructed from (5) yields (9), (10) and (11).

When 7 = 0 the results from the text simplify to the ones of Betts and
Devereux (2000). Equations (1), (2) and (5)-(16) remain the same. The price
indices are

1

3 b+3s 1 1=¢
/ pitlf"di—k/ pftlf"di—k/ (ergly) P di
0 3 $+3s
2 2

2

Pt:

1

1 T—
38 . 2 1 B . 1 1 ) r
/ Qitl_pdl+/ (—pir)' pdl+/ a;' de]
0 1s €t 1

2

[N

P =

Profits and markups are the same as in (17), (18) and (19).

B The initial equilibrium

The derivations of the expressions in Section 3 are outlined here.

(21) and (23) can be derived by inserting (14), (15), (18) and (??) into (17),
also using (5) and (9) and noting that in the initial equilibrium M; | = M.
Use the definition of the aggregate consumption index (2) to derive (22). For
(28) use the fact that PPP holds in the initial equilibrium, rearrange (10) and
the corresponding equation for the Foreign country and use the results in (21)
and (22).

When 7 = 0 the results from the text simplify to the ones of Betts and
Devereux (2000). Equations (21) and (23)-(29) remain the same. In the initial
equilibrium consumption is

C=C"=h=n"
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C Sticky prices
The derivations of the expressions in Section 4 are outlined here. The method-

ology follows Betts and Devereux (2000).
An equilibrium in period ¢ can be described by the following equations

My (4G \
P, \1-d
1

My (o Y
Pr o \1-dy2t

PCy+ PGy + diFy = s(pay + eiqe(1 — 1)z ™) + (1 = s)(prae + pez 7™M

k * k * d * * %k p* * Y, % % . % y
PrCy + Py Gy +e—:Ft =s(qr 2z + =L (1 =) Py 4 (1= s)(q) 2f +qfayNETM)

x
t Lt
€t

2\ P
1 —p
1 { a—oPt N N
(1 7)zNPTM _ 5 ((etP)* ) (Cf +GY)
t

P
diPiy1Cryy = BRCY
@%?Eh@h:ﬁﬁ@f
Note that Z;-1 = Z; 1 = Fi—1 = F1 = Gi—1 = G;_; = 0. Take log-

linear approximations of these equations, using that in the initial equilibrium
SPTM _ ,NPTM _ , g1 q o*#PTM _ p«NPTM _ .5 o0

1 *\ —P
) 1 [ a=etd
a—ﬂﬁM”M:§(£—Li> (Ce+ Gy

*

Tz

=2 —(1=7)t-r

z x* ( T)
Combining the approximations and also using (41) and (42) yields (46) and
subsequently (47) and (48) can be derived. A similar procedure for period ¢+ 1
results in (38) and (39).
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The following results are taken from Betts and Devereux (2000) and given for
reference only. They can be directly derived from the more general expressions
in Section 4 when 7 = 0, i.e. they represent the economy without trade costs.

The long-run response of the exchange rate

=~ r AT 1 5 A
err1 = Moy — My — —(Cra = Ciy)
is given by the money market equilibria. The long-run values of consumption
2(1-08)d Fy (dGer1 —dGiy)
pPCw cw

are determined by goods market and labour market clearing as well as by the
countries’ budget constraints.
The responses of the price indices to shocks are given by
1

ﬁtZE(l—S)é\t

~ ~ 1 1
Cop1—Cryy == -
t+1 t+1 = o p

~ 1
Pf=—-(1-ys)e
t 2( )er
The exchange rate in period t moves according to
~ er+e

D
- M, — My —~(C,— Cr
° €2T(1—S)—|—€—S( ! t e(Ct Ci )>

The corresponding equations of (46)-(48) are

~ ~ 2Bd F; dG—dG;
G, —Cy 42840 4GdG])

T—s)(p—1) +s

~

€ =

o\ (A Ak (dG:—dGy) 1 (dGz+17de )
g — (1+2)(Cy = CF) + s + 1 e
(I=s)(p—1)+s(1+2)
e T AT G—d Gy dGi41—d G}
5 - (L 9)eM, = M) + (4G1-4G7) 4 1(dGre1-dGiy)

(=) +2)+p—1)+s(1+2) ($5/%)

D Welfare analysis

To see why under local-currency pricing a monetary expansion is a “beggar-
thy-neighbour” instrument so that d U;® < 0 in (84), plug in (55) and (61) and
rearrange to yield

«r__ 1 e+1/r\ —~
dmR——%u—M@—n( )M

1+1/r) "

For 7, r, € > 0 this expression is negative since p > 1.
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