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L INTRODUCTION

It is often asserted that the volatility of European exchange rates affects countries with close
economic ties to Europe (see for example, World Economic Outlook, October, 1997, p.73).
Middle East and North African (MENA) countries belong to this category, as nearly 40
percent of their exports are destined to the 11 countries in the euro zone.? The currency
unification that took place with the introduction of the euro is bound to have a significant
impact on Europe’s trading partners.

Recent studies on the euro and MENA countries have focused on its growth impact. In
particular, Nashashibi, Allum, and Enders (1998) estimated that, at the country level, Egypt,
Syria, and Tunisia are expected to be net gainers, while Algeria and Jordan are expected to be
net losers, and with gains offsetting losses for Morocco. Other IMF papers have provided
similar conclusions. For a good coverage of this body of work, see Kahn and Nord (1998).
The studies are comprehensive, covering both the financial and the real aspects for the region.

This paper offers both a narrower focus and a deeper scope than the studies mentioned. The
focus is limited to a particular financial-real linkage: the impact of intra euro zone exchange
rate volatility on the production structure and export performance of MENA countries. The
scope is extended by exploring and estimating sectoral effects using industrial panel data for
11 industries.? In particular, it is believed that a deeper understanding of the impact of the
historical European Monetary System (EMS) episodes on the MENA countries can shed light
on the future prospects for the region. The results obtained allow identification of potential
gainers and losers at the sectoral and country levels, providing guidance on the likely pitfalls
and opportunities associated with the introduction of the euro.

The paper shows that the introduction of the euro will have two effects that can be estimated
empirically without the use of arbitrary measures of import and export elasticities. First, the
freezing of parities among the currencies of euro participants and the resulting elimination of
intra-euro zone exchange rate volatility will reduce transaction costs favoring industries within
the euro zone, partly at the expense of MENA industries; this is a diverting or substitution
effect (see also Nashashibi, Allum, and Enders, 1998, and Kahn and Nord, 1998). In
particular, it is expected that low value-added industries in MENA countries (e.g., basic
manufacturing goods) will suffer the most from this effect, leaving the high value-added
industries (e.g., crude oil and minerals) largely insulated. Along with this first effect is an
income effect, reflecting the lower transaction costs, which in turn will induce an expansion

2The paper’s analysis covers the following 16 MENA countries: Algeria, Bahrain, Egypt,

1. R. of Iran, Iraq, Jordan, Kuwait, Lebanon, Libya, Morocco, Oman, Qatar, Saudi Arabia,
Syria, Tunisia, and United Arab Emirates. The 11 countries of the euro zone are the EU-15
members except Denmark, Greece, Sweden and the United Kingdom.

3Agriculture, minerals, crude oil, food, textile, wood, chemicals, basic, steel, machinery, and
services (see detailed industrial composition in Table 1). ‘
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and higher income in Europe, thus raising import demand for products from MENA
industries. This effect is expected to benefit both high and low value-added industries.

Since the issue pertains to the net effects, the relevance of this analysis needs to be placed in a
broader perspective of economic development. As with all other developing economies,
MENA countries have to undergo greater diversification of production and exports to reduce
their dependence on primary products. The identification of the net effect determines whether
the monetary unification in Europe helps or hinders diversification in MENA countries by
shifting factors of production into or out of emerging manufacturing industries.*

The paper is organized as follows. Section II lays down the basic structure of the theoretical
model. Section III presents the empirical methodology, describes the industrial panel for
MENA countries, and provides the evidence on the financial-real linkage. Section IV
investigates the impact on export performance and compares the experience of the region to
that of other countries with close economic ties to Europe. Both the estimation of the impact
on exports and comparison with other countries are designed to build confidence in the results
and ensure that they conform with more reliable trade data and a larger sample of countries.
Finally, Section V summarizes the findings and derives some policy implications.

II. THE MODEL

The model focuses primarily on depicting the impact of the euro on the production structure
and export performance of MENA countries. This can be achieved in two ways. One
approach, using partial relationships, assesses the extent of correlation based on regression
techniques. The other, a more ambitious one, holds that the financial-real linkage can be
derived as a reduced form model of export under uncertainty. This section identifies the basic
structure of the reduced model.’

The theoretical framework borrows from the theory of investment under uncertainty (see
Dixit, 1989, and Dixit and Pindyck, 1994). It makes the analogy between an investment choice
and an exporting choice. Indeed, the decision to export entails a decision to hire additional
factors of production to invest. This setup, despite some strong assumptions, is more
appropriate for economies with less diversified production structures. More important, it
emphasizes that financial instability abroad can have a substantial impact on the domestic real
economy.

*The intuition is similar to the Dutch disease problem, whereby discovery of natural resources
is harmful to the development process because it drives factors of production to the primary
sector (see Lewis, 1989).

’For a more extensive treatment of this model, see Ruhashyankiko (1998).



-5.

The model assumes that intra-euro volatility, 0, affects the industry-specific transaction
costs, 1 < t;<, by letting the price inclusive of transaction costs, R, = P; / 1; follow a random
walk in continuous time (i.e., a Brownian motion)

dRi euro
R = udt + 0*"°dz (1)

i

where dz is the increment of the Wiener process and p is a trend rate of growth of the price
inclusive of transaction costs. This assumes that intra euro zone exchange rate volatility will
affect the structure of production through its effect on transaction costs.

The aggregate current GDP, Y(R, F), is the sum of industrial value-added (V;), which
depends on the price inclusive of transaction costs (R;) and industrial factor endowment (F)):

YR, F) = Y, VR, F) @)

Each industry has a fixed initial endowment of factors of production. Production can then be
specified by the following equation:

ViR, F) = PlZ, + X)) - C, = RX(F) + 8, )
T.

1

0, = PZ - C

where P, is the output price, Z, is the output, C, is material cost, and X; is the quantity
exported by industry i. R; X is the value of exports. The value of domestic output minus the
value of material costs can be assumed as an industry-specific constant.®

The opportunity cost of waiting is R; / (p - u), where p is the discount rate and (p - p) > 0. In
a standard fashion, the value of waiting (or value of the option to export) is found by applying
Ito's lemma:

B(R, F) = HR" @

where H; and 1); are constants. An optimal decision to export (and hire factors) is made when
the cost of waiting exceeds the value of waiting by an amount h;; a domestic sunk cost

%The sample exhibits a high correlation of 0.72 between exports and value-added.
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(i.e., industry i exercises the option and pays the strike price h; if it is valuable to do so), which
increases with the industrial value-added share of GDP.’

Thus, there is a price inclusive of transaction cost above which it is optimal to become an
exporter. Since a decision to export entails a reallocation of factors of production, the current
value-added V; may deviate from its optimal level B, as follows:

i E(dB)
V; - (p - H)Bi(Ria F,) + 7 (6)

where deviations during the time period dt are the result of changes in the price inclusive of
transaction costs given by equation 1. Hence, expanding the second term by using equations 1
and 4 yields:®

I/i 1 euroN2
= =( -k -n) o, - DE™) ™

Equation 7 provides a direct way of estimating the impact of intra euro zone exchange rate
volatility on the production structure and export performance. Setting the optimal flow of
value-added as a constant share of GDP allows substituting Y for B’

i

7 — ai + Bi(oeum)Z (8)

"The intuition is that in presence of domestic adjustment costs, factors of production allocated
to the high value-added sector are being drawn from the low value-added sector where they
have a higher marginal product (see Ruhashyankiko, 1998, for further details).

#Details are provided in appendix.

Even though this simplification appears to be strong, the paper argues that appropriate
industry-specific fixed effects and random effects introduced in the estimation will actually
take care of varying shares in GDP across industries. Moreover, time dummies will also
capture the potentially time-varying component of them. Thus, despite the simplification, the
approach should not undermine the empirical results.
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where V,/Y is industry i share of value-added in GDP, ¢; = (p - u- ) is an industry-specific
constant term, 3; =1/2 1, (1, - 1) is the coefficient of interest, and the explanatory variable is
the intra-euro volatility. The latter is measured by the standard deviation of the month-to-
month bilateral exchange rate (between country j and country k in the euro zone for a given
year t). Unambiguously, this measure will equal zero as of 1999." This relationship could be
used to assess the impact of exchange rate volatility on the production structure in MENA
countries. The size and sign of exchange rate impact indicates how industries may be affected
by the introduction of the euro.

Equation 8 embodies a simple rule to lead the empirical analysis."" Given that the introduction
of the euro will eliminate the intra-euro volatility:

. In low value-added industries, a net diverting or substitution effect is expected to be
reflected in a positive B; coefficient; these industries will be net losers.
. In high value-added industries, a negative [3; coefficient reflects a net creating or

income effect; these industries will be net gainers.

A priori, the impact on individual countries is ambiguous and depends on the country-specific
production structure and export orientation. For the region as a whole, the model holds that
the introduction of the euro will benefit high value-added industries, which tend to be natural
resource based (e.g., crude oil and minerals or agriculture) at the expense of emerging low
value-added industries such as manufacturing, (see Lewis, 1989).

II. EMPIRICAL METHODOLOGY

The empirical analysis uses industrial panel data for the period 1960-97 to capture the impact
of intra euro zone exchange rate volatility on the real economy in MENA countries. Given the
two cross-sectional dimensions (i.e., industries i=1,...,I and countries j=1,...,J), it is necessary
to choose between two approaches to deal with the heterogeneity of the panel. On the one
hand, the impact of intra euro zone exchange rate volatility can be treated as homogenous
across industries within countries in MENA. On the other hand, the impact of this volatility
can be treated as homogenous across countries within industries and then analyzed industry by
industry. Given that a specific industry across MENA countries appears to be more
homogenous than industries within a given country, the second approach is adopted.

Using subscripts j for country and t for time, equation 8 can be written as follows:

Vg = & + v, 61‘: + Bzxjt t €y 9)

9The intra-euro exchange rate volatility will be null since the month-to-month bilateral
exchange rate will be completely fixed after January 1, 1999 for the 11 countries of the euro
zone.

11 See details in appendix.
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where y;, = In[V}; / Y;] and x;, = In[w, (6,°)’]. In addition to the basic equation, the variables
were transformed into logarithms, and three required components were introduced: v;, 6,, and
;.

First, v; are country-specific effects that capture the high level of heterogeneity that exists
across MENA countries. A random-effect generalized least square (GLS) regression will be
performed. The country-specific effect is assumed random, v; ~ N(v, 0.%), with a fixed
variance of equal magnitude across countries.'? This captures common shocks, beyond intra
euro zone volatility, that may affect MENA countries. The random-effect estimators provide
cross-country evidence on within-country deviation from the time average. While some
sectors (e.g., agriculture) might exhibit relatively important cross-sectional variance in the
MENA region, others (e.g., manufacturing) might exhibit a relatively important time-series
variance (see Figures 1-7). Hence, the generalization of Ordinary Least squares (OLS) to
allow for such random-effect provides a unique methodology to capture these effects: b, are
the industry-specific random-effect estimates from equation 9.

Second, §, are time dummies capturing sector-specific time effects (e.g., shares of
manufacturing and services in GDP are growing over time), which are common to MENA
countries. The empirical model would not be accurate if such time effects were ignored.”

Finally, w, = X, / X, is the ratio of MENA exports to the euro zone to MENA exports
to the world. The role of the weighting parameters is to capture the proximity of economic
link with the euro zone. Without an economic link, the intra-euro volatility would not be
expected to have any impact at all; conversely, the stronger the link, the greater the expected
impact. The trade pattern has been chosen as a channel and measure of economic closeness to
the euro zone market. Introducing such a weight has the added advantage of being quite
practical, as the variable 0, capturing the intra-euro volatility, varies over time but is
identical across industries and countries. The weight allows finding country-specific measures
of the impact of the euro, which can be determined by industry and country at each point in
time. Moreover, when the intra euro zone volatility is brought to zero with the introduction of
the euro (i.e., 0,40,™" converges toward zero), it provides a simple measure of the impact of
this change on the production structure. This measure is defined as follows:

12 Breush-Pagan tests reveal that these random effects are highly significant. In addition,
Hausman tests confirm the appropriateness of random effects. The random-effect estimators
never differ significantly from the fixed-effect estimators at a level 0.01.

BThe time dummies will have an important influence on the size of the impact, reducing it by a
factor of 4-5 for the whole region (i.e., the previous version estimated a substantial negative
impact of the order of 1 percent of GDP. We now have a moderate negative impact of the
order of 0.20 percent to 0.25 percent of GDP). The qualitative results remain largely
unaffected, though.



X, - X
Impact = -b-£—s, = -bQs, (10)

X,
J

where b; is the random-effect estimator from the regression, s; is the long-run share (or
sample time average) of industry 1 in GDP, x;, is the sample time average of In w, after the
introduction of euro.

Hence, V;; /'Y, is called value-added, and w; (6,°)* is called euro-volatility, and X / Y, is
called export performance, for short.

A. Industrial Panel Data

An industrial panel data is constructed for 45 countries. This section presents the panel data
for the MENA region. The panel includes two cross-sectional dimensions and a time-series
dimension. For the value-added regressions, there are between 1 and 34 time points for 11
industries and 14 MENA countries.” For the trade regressions, there are between 21 and 23
time points for 11 industries and 14 MENA countries.'

The agricultural sector currently represents between 0.25 percent and 25 percent of the GDP
in the MENA region. Algeria, Egypt, Iran, Morocco, Syria, and Tunisia have a higher share
than regional average of 14 percent (upper line in Figure 1). These countries, particularly the
North African countries trading with the euro zone, tend to be potentially more sensitive to
euro volatility (lower line in Figure 1).

The crude oil and minerals sector (which also includes natural gas) varies greatly over time
and across countries in the region. However, since relatively few of these resources are being
exported to the euro zone, the euro volatility is not likely to affect this sector. This is
confirmed by the rather low variability of euro zone exchange rate volatility (Figure 2).

The manufacturing sector represents between 8 percent and 24 percent of the GDP. High
ratios, above the 16 percent regional average, are recorded for Bahrain, Egypt, Jordan,
Morocco, and Tunisia. Many of these manufactured goods are being exported to the euro
zone. This introduces a more irregular euro-volatility line than in any other sector. Data within

“Hence, Q, is the ratio of the sample average of In[wy, (0"°)%] over the sample average of
In(0,.™°)*. The negative sign is introduced for convenience so that, for instance, an income
effect b; < 0 translates into a gain (+).

“Traq and Qatar were excluded because data are not available.

1$Libya and Oman did not have data available and thus were excluded.
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manufacturing are available at the 2-3 digit level but were pooled into seven categories for
consistency and clarity."” Within manufacturing, the most prevalent industries are food
products, chemicals (including petroleum refining), and basic manufacturing products; the
least prevalent are machinery, textile, wood products, and steel (Figure 3).

Finally, the services sector represents a large share of GDP with a regional average of 50
percent. Since this sector also includes all nontraded goods, a flat slope of euro volatility was
obtained, as in the case of crude oil and minerals sector (Figure 4).

An inspection of these sectors directly reveals that, if the euro volatility affects the region’s
production structure, its impact has to be channeled through the agricultural, manufacturing,
and services sectors. Indeed, for the oil and gas sector, the large variance in value-added
cannot be accounted for by the flat pattern of euro-volatility for this sector.

B. Evidence from Value-added

Empirical results show that the agricultural and services sectors, with a statistically significant
net income effect, will gain from the introduction of the euro (Figure 5 and Table 2)." In
contrast, a statistically significant net substitution effect is found for the wood product and
basic manufacturing product industries.'® While the wood product industry represents only a
small share of manufacturing, the negative impact on basic manufacturing product industry is
potentially damaging. Hence, the reduction of intra-euro volatility will hurt the
industrialization of MENA countries. As expected, nonsignificant results are found for the oil,
gas, and minerals industries, which exhibit large standard errors.*

In general, the high value-added sectors, e.g., agriculture, in which MENA has a comparative
advantage, gain at the expense of the low value-added sector in which MENA has a
comparative disadvantage, e.g., basic manufacturing product industry.

For the MENA region as a whole, a moderate loss range of 0.18 percent to 0.28 percent of
GDP is estimated. Despite net gains in the agriculture and service industries, the region is
expected to suffer a loss of about 0.20 to 0.25 percent of GDP as a result of the introduction
of euro and the deindustrialization it will cause (Table 3).

7See Table 1 for detailed composition of industries.

A positive estimate for beta indicates a net substitution effect, which is expected to hurt the
industry with the elimination of intra-euro volatility.

¥Chemicals and machinery industries are very close to being significant at the 0.05 level.

20 The vertical lines in Figure 5 give the 95 percent confidence interval. An interval above the
horizontal line indicates a net substitution effect, an interval below indicates a net income
effect, and an interval cutting the horizontal line indicates nonsignificant results at 0.05 level.
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The country-specific impacts are more striking. They reveal losses of 0.28 percent to 0.44
percent of GDP for Algeria; 0.29 percent to 0.46 percent for Libya; 0.29 percent to 0.45
percent for Morocco; and 0.30 percent to 0.47 percent for Tunisia. In the Middle East, Egypt,
Iran, and Syria also exhibit higher losses than the regional average. The impact on all other
countries in the region is more limited.

North African countries are clearly expected to lose from the introduction of the euro.! The
explanation is based on two factors: (i) a relatively high share of manufacturing sector; and (ii)
a very high share of trade with the euro zone, well above the MENA average of 37 percent.

In sum, the introduction of the euro will hurt the industrialization of MENA countries, with
losses being highest for countries that are more advanced in their manufacturing production
and that trade of their manufacturing goods primarily with the euro zone. Hence, to insulate
the domestic real economy from foreign financial volatility, countries need not only to
diversify their production structure but also to diversify the destination of their exports.

IV. EXPORT PERFORMANCE
A. Regional analysis

The method applied to evaluate the impact of a reduced euro-zone exchange rate volatility on
the export performance of MENA countries is identical to the model in equation 9, with one
distinction. Here, the weighting variable w; is not introduced. Hence, the impact of euro
volatility amounts to the impact of (0°)* on the share of exports in GDP. Because of the
high correlation of 0.72 between exports and value-added over the whole sample, the results
do not differ substantially in the long run (Figure 6).

However, in the short run, exports are more volatile than value-added and are not limited to
the 0-100 percent range. Therefore, the short-run impact is assessed in a standard fashion; the
sample average of euro volatility is 1.831 and the standard deviation is 1.239. Hence, a
conservative estimate of the short run impact of the euro on exports is given by (x; * 1.831/
1.239), where x; is the long-run or sample mean export share of GDP and shows that the euro
volatility will fall by 1.478 standard deviations.” The aggregate rise in exports is estimated in
the range of 0.04 percent to 0.22 percent of GDP for the whole region (Table 4). The rise in

“The case of Libya is less compelling because of lack of data on value-added for the post
1986 period.

*The vertical lines give the 95 percent confidence interval. An interval above the horizontal
line indicates a net substitution effect, an interval below indicates a net income effect, and an
interval cutting the horizontal line indicates nonsignificant results at 0.05 level.

BThis method underestimates the impact since it downplays the recent relatively high values
of euro volatility.
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exports is driven by the expected increases in exports of agriculture and food product
industries.

In sum, the evidence provided by trade data will which are known to be much more reliable
than value-added data, confirms the deindustrialization impact of the euro (i.e., manufacturing
industries will lose and agricultural industries will gain). The industries affected by the
introduction of euro will experience changes in value-added and likely more important
changes in exports, both in the same direction (with the exception of the food products
industry). The statistical significance of the results suggest that, while the production structure
is negatively affected by important changes in the basic manufacturing products industry, the
export performance is negatively affected by important changes in the chemical industry
instead. In both cases, however, the manufacturing sector appears as the loser while the
agricultural and service sectors as the gainers (for the services sector, the results are not
significant for exports, undoubtedly due to a high share of nontradables).

B. Interregional Analysis

Because a substantial difference was found as to the results between the Middle East (ME)
and North African (NA) regions, this section attempts to compare the impact of the
elimination of euro volatility on these two regions with that on the West African (WA), other
Mediterranean (OM), and euro zone (EZ) regions. The goal is to confirm the results obtained
so far for a larger sample of countries. A complete list of countries is provided in Table 7.

In order to deal properly with the heterogeneity of the panel, an industry-by-industry random
effect estimation is performed.?* To highlight the regional differences, both the slope and the
intercept are allowed to vary by region. Rewriting equation 9, the empirical model becomes
where the variables are defined as before.

v+ 0, + Px, +

y ijt = ai/region Bi/regionxjt + eijt (1 1)

The estimation results and the implied measure of the impact of the elimination of intra-euro
volatility are presented in Table 5 and 6. In these regressions, the euro-zone region is the
benchmark. Agriculture, manufacturing industries, and services are expected to gain from the
introduction of the euro; the evidence for natural resource (oil, gas, and minerals) industries
are not significant at all. This is in accordance with the model as both the substitution and
income effects favor the euro-zone region. The combined estimated net gain for the euro-zone
region is 0.22 percent of GDP.

2Breush-Pagan tests rejects Ho: 0, =0 at the level 0.01 in all cases. Hence, random effects
are highly significant. In addition, random-effect estimators are not significantly different from
fixed-effect estimators in all cases at the level 0.01.
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Both the North Africa and Middle East regions have a significantly different impact than that
in the euro-zone region in manufacturing (textile, basic, and steel) and services (Table 5). In
addition, the North Africa region distinguishes itself from euro zone in machinery, while the
Middle East region distinguishes itself from the euro zone in wood products. Therefore, the
common slope (i.e., coefficient 3,) gives the size of the income effect and the coefficient on
the regional slope (i.e., coefficient [3; .4, gives the substitution effect.

It follows that the net effect is the sum of these two coefficients for each region. Table 6
reports these sums assorted with a y? statistic to test the significance of the net effect. The
results confirm that the losses incurred by both Middle East and North Africa are localized
and linked to the manufacturing industries, particularly, the basic manufacturing and the steel
industries. North Africa suffers additional losses in the textile and machinery industries
uncompensated for by the gains in agriculture, while the Middle East records additional losses
in the wood product and chemical industries uncompensated for by the gains in services. This
result gives a much more complete picture than the results for the region as a whole. Both
agriculture and services would experience a gain in the MENA region after the introduction of
euro; the agricultural gains are concentrated in North Africa, and the services gains in the
Middle East. The basic manufacturing is the major industry for which there is a substantial net
substitution effect; it brings in important losses for the Middle East and North Africa, as well
as for West Africa.

By comparison, the other Mediterranean region suffers smaller losses in manufacturing and
important compensating gains in services. This region appears to be a net gainer from the
introduction of the euro. Since the West Africa region technically shares the same currency as
the euro zone, it seems reasonable to expect that the substitution effect will not be damaging.
Indeed, the results show that in West Africa all industries, except basic manufacturing
industry, remain insulated from changes in euro volatility. Hence the West Africa region
should not suffer significant losses as a result of the introduction of euro.

In sum, other Mediterranean countries, which benefit from a more diversified manufacturing
production structure, and West Africa which technically shares the same currency as the euro
zone, may both end up either unaffected or net gainers from the introduction of euro.
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V. SUMMARY AND CONCLUSIONS

This paper investigates the impact of the elimination of intra-euro volatility on the production
structure and export performance of MENA countries. The empirical estimation using an
industrial panel data shows compelling evidence regarding this financial-real linkage.
Furthermore, the estimation, which rests on a novel theory of exports under uncertainty, is
done without having to resort to the use of arbitrary measures of trade elasticities.

At the aggregate level, the estimation for the MENA region reveals:
- A net favorable income effect in the agricultural and services sectors.
- A net unfavorable substitution effect in the manufacturing sector.
- Nonsignificant results for oil, gas, and minerals sectors.

Due to dominant substitution effects, the region as a whole is expected to suffer a loss
of about 0.20 percent of GDP. The estimated impacts for individual countries clearly
show that North African countries are expected to suffer the most with losses ranging
from 0.25 percent to 0.28 percent of GDP. For Middle Eastern countries, the
estimated range for the losses is smaller, 0.08 percent to 0.13 percent.

Further disaggregation within the manufacturing sector reveals:

- A net substitution effect in the steel, wood product, textile, machinery, and
chemicals industries which are thus expected to be adversely affected by the
introduction of the euro.

- Results obtained on the food products industry are ambiguous.

Regarding export performance: the estimates for the food products industry show that,
although the substitution and income effects offset each other, the exports of the
industry are expected to rise. Together with greater exports in agriculture and services
(which gain from the net income effect), the overall export performance of the MENA
region can be enhanced in the range of 0.04 to 0.20 percent of GDP.

Comparing the results with those of other regions highlights two elements that prevent
the production structure in these regions from being affected by the introduction of
euro:
- In other Mediterranean countries, the existence of a relatively diversified
manufacturing production structure.
- In Western Africa, the existence of technically a common currency with the
euro zone.
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Figure 1: The Agricultural Sector in MENA Countries 1960-97
(Value-added, upper line, and euro volatiliy, lower line)
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Figure 2: Oil, Gas, and Mineral Sector in MENA Countries, 1960-97
(Valug-added, upper line, and euro volatility, lower line)
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Figure 3: Manufacturing Sector in MENA Countries 1960-97
(Value-added, upper line, and euro volatiliy, lower line)
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Figure 4: Service and Nontradables Sectors in MENA Countries 1960-97
(Value-added, upper line, and euro volatility, lower line)
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Figure §: Industrial Sector;
Estimated beta for Production Structure in MENA
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Figure 6: Industrial Sector:

Estimated beta for Export Performance in MENA
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Figure 7: Intra-euro Exchange Rate Volatility

(Standard deviation of month-to-month bilateral exchange rate in euro zone)

B 2000
® 1998

1996
1994
1992
1990
1988
1986
1984
1982
1980
1978
1976
1974
1972
1970
1968
1966
1964
1962

B 1960




-22 -

09-0t SOOIAIDG SNIAIS  TT
SE-6T 68€-18¢ juswdinbs ognuards ‘reuoisajord ‘podsuery OoSpe ‘AIsuryoepy  ARUIIR (]
8C-LT TLE-TLE S[eISW SNOLIJ-UOU ‘[a3)S ‘UuoIy PAS 6
92-ST  06€ ‘69¢-6S€ syonpoid 1ayjo0 pue oijjetewr-uou ‘sse[s ‘onseyd ‘roqqmy Jiseg 8
144 pSe-16¢€ sauaural umajorned ‘syestuIsy) HLALIEL (o JA
12-0T The-1€¢€ Sumysyqnd ‘syonpoid 1aded ‘omnury ‘sjonpoxd poop poopy 9
61-L1 pTe-1ce Jeam100J ‘sionpoid 1st3ed] ‘jereddy XL, S
91-¢1 YIE-T11¢€ 0008qO} ‘sade1aaaq ‘syoupoid poog poog ¢
11 seg [eameu pue wnadfoxdd opna) se3 YN0 ¢
y1-T1 ‘01 STRISUIA] S[eRUW T
S0-10 ammoudy  uammudy |
€Ay IISI

uonisodwo)) femsnpuy ‘1 9[qeL



‘paiodal 10U Jnq PIPNOUT SI8 SN SWN 6£61-150] "SSLISRPUI [[2 10} [3A2] $O° U} 18 SIOJELUNSS S108[Jo-WOpUEI PUe -PaXij Aq PajetlilIsa Sjuiotja0o ays Jo Aifenbs Jo [[nu ays 10321 07 [rey Ajjuaisisuod
SIOJRWINSD SJ09[J2-WOpUeR] 3y Jo ssausjetidoidde 1oy s1523 uoneoyIoads Uewsne]] "SAUISNPUI [{B JOJ [9A2] [Q" Y1 12 ey TuSIs aIe $103)J3 WOPURI Anunoo 10§ 1s3) Iatjdi[nur uetBueide ] UeSed-Yosnalg 193J2 UOHIUSANS 10U &
1USI01F900 A0 B 03JJ5 SWOOUT 13U © $318aTpuT (AN[IFR[0A OMA-BNUIL) U] 10§ JUSIOLJA00 SANESIU ' “[2A3] GO AU 18 WUedlJIudis AJ[RONSTIEIS 4 ([RAR] (0" OU) 18 JOIUBIS A[[ROLISHEIS sepse "SISIYIUAIE UT DJ€ SIOUI PIRPUEIS ISNGOY SIAON

100 100~ 200 S0 100- 1o 100 000 Y00 10°0- L00 jusozad ut (+-) s50] 10 (+) ured patjduw]
uoIaI 9y} 10§ pappe-anjeA uo 1oedwy
(453 €T 60T LET 87T L€T 0€Z 6€T 233 PEE £LE UOIILAISSGO JO Jaqump
- i3 1€ 1€ i€ 1€ 1€ € 1€ <3 123 PE Xew-J,
B\ L5'9C 0081 WLl €781 6291 €691 69'L1 8€'81 69°ST 69'ST 997 Teq-],
S I 1 1 1 1 I 1 S S S w1,
4 €1 44 €l 4 4 €l €l €1 €l 14} SALHUNOD JO JIqUInN
0000 0000 000°0 0000 0000 0000 0000 000°0 0000 0000 0000 0 < qo1d
SP8sl E€I8T PO ISH1 £L'66€ 98'8¢¢ 9z'81¢€ 1210z PrE9T 8P'S61 157201 891§ faLie]
(500°0) (zzo'0) (5%0°0) (¥zo'0) (920°0) (¥10°0) (0z0'0) (6£0°0) (690°0) (z60°0) (vzo0)
#nn 8200 00 §$0°0 ok 690°0 SH0°0 wiox P00 7200 9000 1900 7600 sk €900 (Amejoa oma-enun) uf
(0£1'0) (S1€°0) (sL570) (L€T0) (182°0) (582°0) (6L1°0) (91£°0) (L160) (619°0) (Lov'0)
woan 965°€ 9Z€'0" s SITT 65€0 900°0" sk TLL'O™ §9€°0" 9220 £26'0 wiok 0£0°E ok OPL' 1daoxayur Ansnpuy
SIS ATBUTYoRN =3 olseg S[eOIUISY) poop 3[IxaL poog $6579 [10 s[elaumN AIMOLSY

(4o Jo a1eys pappe-onjea) uj :s[qeLiea juspuada

uoI3sy VNI JoJ a1monng uononpoid oY) uo ANIejoA onF-eanu] Jo yoedw] oY) Jo uoneumsy "z s[qel,



-24-

“(Anjsnput se8 pue [I0 995) 9400" ~/+ SMSISIS0D JuEdTISIS-UO € Yiis punoj joedw jsade) oy Aq pajeunixoidde
5q ued 30135 Jo MIIRW {ES1ISTILIS V "SIOSY2 U [[e stuns joudwll WNUIIXEWs SY pue ]3A3] 07 SY) J2 O} JopUN PaINsesut s1 a3ues a1 Jo 1oediwT WNLLLTW Sy, JX2) o3 Ul pautejdxa are suonendwo]) :$310N

100 10°0- 20°0- ST'0- 10°0- 110 10°0- 000 $0°0- 100 L0°0 8T0~ 810 VNAN
100 10°0- 10°0- 60°0- 10°0- 90°0- 000 0070 00~ 00°0 +0°0 910~ 010~ VIV QALINN
700 700 ¥0°0- 9Z'0- 700~ 810~ 10°0- 000 90°0- 10°0- 10 Lo 0£'0- VISINAL
200 00 £0°0- 0z'0- T0°0- Pro- 10°0- 000 $0°0- 1070 60°0 LEO- ¥z o- NVIIXS
100 10°0- z0'0- $1'0- 10°0- o1°0- 10°0- 000 £0°0- 100 90°0 sT0 910~ VIEVIVY IANVS
100 10°0 10°0- o 10°0- LOO- 000 0070 £0°0- 10°0- $0'0 610 o YVIVD
100 10°0- 10°0- L00- 100 500 000 000 00 000 £0°0 o 30°0- NVINO
200 700 £0°0- sTo- 00 LU0 100 00°0 9070 100 110 S0 620~ OOD0¥ON
700 z0°0- £0°0- sT0 700 810~ 10°0- 000 90°0- 10°0- 11°0 op'0- 620" VALl
100 10'0- 10°0- 60'0- 10°0- 90°0- 000 000 00~ 00°0 ¥0'0 910 or'o- NONVIAT
100 10°0- z0°0- €1°0- 10°0- 60°0~ 100 00°0 £0°0- 10°0- 900 74l s1°0- LIVAY
10°0 00°0 10°0- 90°0- 000 $0°0- 00'0 000 10°0- 000 £0°0 01°0- 9200~ NvQ@Iof
100 10°0- 00 91°0~ 10°0- 1o- 10°0- 000 Y00 100- L0°0 670 61°0- oval
200 700~ 70'0- $1°0- 10°0- €1°0- 16°0- 000 ¥0'0- 100 80'0 €0 10 o TNV
T0°0 200 £0°0- 0T o~ 00 ¥1°0- 100 000 $0°0- 10°0- 60°0 9€°0~ €270 1dxod
000 000 10°0- +0°0- 000 £0°0- 000 00°0 10°0- 000 200 L0°0- S0°0- NIVIHYH
z0'0 700 £0°0- ¥T'0- 00 L0 100 000 - 900 10°0- 11°0 vv0- 8T0- VRIAOTV
(quzousad uj)
ox 8C0°0- [VO0 $50°0 »x 6900 SY00 e TVO'0 TCO0 900°0 £90°0 TE0°0 2ok £90°0- 3900 HONVI TV.LOL
- Sum
SOIAIDS  ARUTIEN  ]99IS diseyg  S[EOTISYD poop SX3L, poog SE3 3 10 S[ESUNN  2Mnolisy

SOUUNO)) VNHA W (1D Jo 2881us01ad s (--) 595507 pue (+) sulen
soupunoy) VNN JoJ 1oeduw] Jo sinseajy "¢ d|qe],



-25-

‘5j09)3@ 1°U {Te swns joedulr UMUIXeU St pue

[9A9] §O" SU 18 O JOPUN PoINSEOI ST 9FUR SU JO JoRdUI WML a1, PaHodal 10U JNG PIPRIOUT 278 SSIUTWIRP SUIG 6L6]-1S0d "SSLOSUPUL [[E JOJ [2A3] §0' 91 18 SI0JRUILS? 5}09JJ2-WOPULI PUE -Paxy Aq Pojeurmse sJUsofza0d iy Jo

farenbo o uu oy 102021 0} [rey APUSISISUOD SIOIBUIGSS S}oaYja-UIOPUE 2y} Jo ssausjendordde 1oy sjse) uoneoywads URWSNEY ‘SILGSAPUT e 10 [949] [0 O 12 JueoymSs ore $1094J0 WOPHRI 0] )59} JoTdnnw ueBueide] weded - yosnarg Joayo
UORMRSqNS 19U B JuSI0Gj000 aanisod © $1031Je WOOUY 19U B SSIESIPUL (J(ID JO 2Ieys Hodxa) U] 10j JUDIORJe00 2ARESeU Y [oAS] SO° SU 18 JUBoUREIS A[EONSTEIS 4y ([PAS] 107 OV} J8 JUBOYTUSIS ATEONSTEIS 4 ‘SISOIUSIR UI OJE SIOLI PIEPUESS ISTIQOY [SAION

z00 90°0- 90°0- 20°0- 80°0- SO0~ 60°0- L0°0 rio- 120 £2°0 o ¥00 (=-) ssof Jo (+) ured porduu
. uoBar oy 10§ spodxe uo joeduiy

61€ 143 0ze 61€ 61¢ 6L€ 61€ 61€ 61€ 0zg 6l€ UOTBAISSQO JO JOqUINN
x4 € 24 €2 € [x4 € [x4 [x4 €2 [%4 Xeul-L,
6L 98'7T 98°CL 6L 6L 6LTT 6LTT 6L'2T 6L'TT 98'TT 6L'CT Teq-1
¢4 &4 1z ¢4 1z ¢4 &4 1z 1z [£4 | £4 UmuI-J,
4t 1 Al 4 1 1 4t a8 1 vl 48 $OLIUNOD JO JOQUIMN
0000 0000 0000 0000 0000 0000 000°0 0000 0000 0000 0000 T < qo1d
15728 €0°121 po'Lyl 08°011 88'8EL 679 I8°LS1 8T'v6 62°0S1 vZ001 £L°L8 o
(080'0) LL0°0) (€01°0) (LL00) @00 (090°0) 100 (zeo0) (811°0) (z£0°0) (8z0°0)
€500 650°0 ¥$0°0 6100 wen VELO 6€0°0 9600 wx 9LO0" o LY0°0- wxx 1LOO" (Amme[oA ome-zauL) U
(z57°0) (08v'0) (0590 (8570 yy0) (z6v°0) (9£5°0) (x4 41)] (£88°0) (8950 150}

wox VLE'T o LSTT- wak EI8'T- wun 180T 0€L'0 wwk TIL'T ozt'l- 6€$°0- 1£8°0 xxx €80°€ 966°0 1dao1eyu]
SOOMAIOY Arauryoey =S oiseq SEOMWAYD POOM SMmxal poog seD % 10 STRISUTN amymousy  AONVY TVLOL

(dao 3o sreyg podxy) u :sjqeLe Juspuadag
uorSay VNHN 0§ soueunofisJ podxs uo Aue[oA omg-enu] Jo oedwy oy Jo uonewnsy “p S]qeL



-26 -

“SaLISNpUL [[E 10] [9A9] §0° 94} 18 SIOJEUILSS $}091j9-WIOPUET PUB -PaxI) Aq PajeuNs? sIUaIoNJa00 Y3 Jo A1ijenbs Jo [[nu aup) 103[21 01 [12] AUSISISUOD SIOJBUISD S103]J3-WOPUEL a1 JO
ssouareudoidde 10§ s159) UoTEO1oadS UBISNER "SoLySNpUT [[B I0] [2A9] 0" 2U} 18 JUBOLIUSIS 328 $31091J3 WOpUERI 10§ 358} 1o1idn[nu uerSuesde ] ueSed - YosnOIE "093J2 UOHMISANS 19U B JUSISIJ209 aamysod € 403J§o SLIOSUT 19U B $380TpuT (A31[1IB[0A
OIN3-BIUT) U] 10 JUDISLIJA00 SAUETOU Y [9A3] GO° SU} 18 JUBOLIUBIS A[[EDTISIEIS 4 S[9AR] 07 O 78 WEOLIUFLS A[[BOTISHEIS goqeq ‘SISOUIURIEd U SIE SIOLI3 PIEPUEIS 1SNGOY SEUIOUG SUOZ-OIND U} WO SUOTIBIASP 1€ SJUSIIRII0D \INV LIOINL

‘SILUNOD UBOLITY 1S9/ = VM SOUIUNOD UBSUBLINAPI JOYIO = WO ‘SILIUNood Uesujy YUON = VN SILIUnNod Iseq J[PPIN = HIN -SION

v0'0 000 v0'0 100 100 100 €0°0 000 800 $0°0- 600 770 usoled ur(~-) ssof 10 (+) ured potdug
:auoz-omyg 1o} joedur

686 508 99 SvL ovL 88L 8vL €8 €56 188 LSOT UOUBAISSqO JO JaqumN
9 13 (33 €€ €€ (13 [13 €€ 9€ 9¢ 9€ Xew- |
978 9€'TT LO'ET 16’12 9507 €1 a4 81°CC 80°ST 16'ST e Jeq-1
S 1 1 [ 1 i [ 1 4 1 S ut-1
93 9€ 8T 23 9€ LE 23 8¢ 8¢ 43 6€ SILNUNOD JO J2GUIMN
610 $90 1o 050 9€'0 650 €0 €0 €0 610 050 (181240, 7Y,
ST0 890 LYo 950 820 LSO €0 yE0 90 0Z'0 ¥$0 u2sM1q-, T,
910 710 ¥T0 f# 4] [4%0] 91’0 LEQ [4K4] 600 L0°0 0Z'0 U Y,
000'0 0000 0000 0000 0000 0000 000°0 000°0 0000 0000 0000 7o < goid
2€70T $8'92C 99'TLT 6€°19€ L9071 00661 S1TTy 85'8€1 LL'86 8€'SL +9°08C [€1/4)
000°0 0000 0000 0000 0000 000°0 0000 0000 0000 0000 0000 Yo < qoid
08v°681€1 0S¥y LOE 059°$Z 095°8L1 001pL1 08I°S11 0r0'0€1 01L'8bZ 0SS'LL 0r9'¥9 0ZL'99L satummp [euoidar 10§ (€)TO
(920°0) (rv0°0) (L950°0) (Lyo'0) (€50°0) (820°0) (8v0°0) (520°0) (6v2°0) (€21°0) (620°0)
6000 wok 160°0 $80°0 €900 6900 woiox 980°0 s €610 00 0900 810" $20°0 INOx(ANT1z[0A Oma-BUT) U
(€£0°0) (950°0) (8v0°0) (5€0°0) (rv0°0) (820°0) (9v0°0) (850°0) (,60°0) (980°0) (0€0°0)

waox L80°0 9500 woiow TST'O wax 8210 €L0°0 xoiox €800 wk 6010 $$0°0 L100 0L0°0 850°0 AN (A113E[0A Oma-BXIUT) U
(8200} (9€0°0) (0€0°0) (5€0°0) (zy0°0) (¥z00) (0s0°0) (oo (r80°0) (660°0) (€20°0)

wik 1P1°0 ol 6600 worx STEO axx €070 LEOO~ 920'0 L91°0 8€0°0 1L0°0 1€0°0- £00°0" VN4 (A3ite10 OMO-ERUD) UT
(0z0'0) (6L0°0) (S€1°0) (£50°0) (ZL0'0) (zL00) (621°0) (850°0) (15€£°0) (r60'0) (z20°0)

= SOT0 $80°0 €170 won OP1°0 £00°0 1010 8100 9b0'0- 0L00 £21°0 €€0°0 VMa(A311E[0A OMa-BIUI) U]
(sz0°0) (€€00) (s20°0) (zz0°0) (or0'0) (5100 (€€0°0) (1200 (L1ro) (z50°0) (€100

ax LEL'O- 910’0 s [60°0” 8200 9100 L10°0- aon CLO'O" 0100 890°0- SP0°0 sk 0P0'0- (Amejoa oma-enur) uf
S20IATOS K1ouroB S otsed S[BOIwRYD PooM e poog TR0 S[EPUN IOy

(dao Jo axeys pappy-onjeA) U :9[qeLreA Juspuada

SuoI3ay JJe J0J POPPY-on[eA Uo AHJHR[OA ong-enu] Jo 1ordui] ag) Jo uonEwnsy ¢ [qeL



_27-

11591 ZIO SY) USYM O] JSPUN PIINSESUE 5T 3FULI 313 JO Jopduy WINLLITURY SY ],

*$1991 19U Jje Swins Joeduwt WINWIXeW Y I, JOAd] §0° SY) I2 0J5Z WO JusISINp AJuesyruBis-uou
" 9]qe L WoJJ 0 = uorSaL (AMme[oa oms-exun)u + (AIULIOA OIN3-ERUNU] (O 11531 ZIYO Sy} WOLJ J]qeAIdsqo AIpeal JUEOLTuGIs-Uuou J0 spuels ,su,,

‘SOLIUNOS UBILFY 1S9M = VAL ‘SSLIUNOD UBSUELINSPIA ISYI0 = JNO ‘SSHIUN0D Uesufy YUON = VN ‘SaLJunod iseq SippiN = HIN :$210N

$0°0 £0°0- 000 000 £0°0- 20°0- £0°0- 10°0- 00 SO0 700 10°0 L0°0- (--) ss01 0 (+) weS pandury
su su su su su su TNO J0§ soedury

00°0 0°0- £0°0- 00~ 70°0- 200~ 10°0- 10°0- 200 $0°0- 10°0- €10~ 80°0- (=) ssof 1o (+) ured pandury
sy su su su su su “IN 103 1oedur

00°0 90°0- €10 60°0- 10°0 10°0- $0°0- 10°0- 000 100~ LO0 870~ 90~ (=-) ssof 1o (+) e panduy
su su su su su su YN 10 1oedury

200 S0°0- $0°0- 90°0- 10°0- $0°0- £0°0 700 00°0 [Ay1} 100 20°0- 90°0- (=-) ssof Jo (+) ured paydury
su su s su su su Su su su su VM J0J auuaﬁﬁ

(ausouag uy)
0000 £00°0 8160 1€L°0 1100 6000 S00°0 PS10 €£L60 $SS°0 LLSO Yo < qoid
w1 L0'6 100 (AYH] 6b'9 789 £8°L £0'T 000 SE0 1£0 (D7uo
8C1°0 LOT°0 L00°0- ¥10°0 $80°0 690°0 1210 Z£0°0 800°0- 2°L00- S10°0- NO 103 JUs1YJ003 vl
0100 $80°0 1000 0000 0000 €000 9910 0LEO 6050 6010 y6r'0 0 < qold
859 L6T £8°01 0°El W +8'8 61 080 o LST L¥0 (4974: @)
050°0- Lo 1910 001°0 060°0 990°0 LEOO SH00 750°0- SI1'0 3000 HIN J0§ JUSJ200 Elog
£06°0 0000 0000 0000 8yi'0 0L9°0 9200 L99°0 0860 0sT0 Z100 Yo < qoid
100 85°4T oSy 6v'1€ o1z 310 €6y 61°0 000 16T 8T'S (1o
£00°0 9110 y£T°0 sL10 020°0- 600°0 $60°0 820°0 £00°0 S10°0 £00°0- VN 10 JUSISJ20d Blag
SO0 6010 £€9€°0 1£0°0 ySL0 60T°0 590 L6T0 ZET0 18€°0 2990 o < qoid
9T 85°C £8°0 99y 010 361 070 60°1 65T Lo 61°0 (DO
T€0°0- 101°0 o [§341) 6100 $80°0 #50°0- 9500~ 10070 8L0°0" L00°0- VM 10 JUS10J200 ejag
S20IAIG AUTOEIN 091§ siseg S[EORUSYD  poopy WKL poo SEEP O S[EDUN AMynIUSY TONVI TVIOL

suoi3ay [V 10 D Jo 25euo01o  se (--) $9s507] pUVY (+) suren
suoi3ay] [[e 10} pappe-anjeA uo jorduwi] Jo 2unsedy ‘9 d[qe],



-28 -

Table 7. List of Countries by Specified Region

WB Country

AUT EZ AUSTRIA

BEL EZ BELGIUM-LUXEMBOURG
FIN EZ FINLAND

FRA EZ FRANCE

DEU EZ GERMANY

IRL EZ IRELAND

ITA EZ ITALY

NLD EZ NETHERLANDS

PRT EZ PORTUGAL

ESP EZ SPAIN

BHR ME BAHRAIN

EGY ME EGYPT

IRN ME 1IRAN,LR. OF

IRQ ME IRAQ

JOR ME JORDAN
KWT ME KUWAIT

LBN ME LEBANON
OMN ME OMAN

QAT ME QATAR

SAU ME SAUDI ARABIA

SYR ME SYRIAN ARAB REPUBLIC
ARE ME  UNITED ARAB EMIRATES
DZA NA ALGERIA

LBY NA LIBYA
MAR NA MOROCCO

TUN NA TUNISIA

CYP OM CYPRUS

GRC OM  GREECE

ISR OM  ISRAEL

MLT OM MALTA

TUR OM TURKEY

BEN WA  BENIN

BFA WA  BURKINA FASO

CMR WA  CAMEROON

CAF WA  CENTRAL AFRICAN REP.
TCD WA CHAD

COG WA  CONGO, REPUBLIC OF
CIv WA  COTE D IVOIRE

EQG WA  EQUATORIAL GUINEA
GAB WA  GABON

CPV WA  GUINEA-BISSAU

MLI WA MALI

NER WA  NIGER

SEN WA  SENEGAL

TGO WA TOGO
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1. Data sources

= Value-added for the major sectors (agriculture, oil & gas, minerals, services, and
nontradables) and GDP were obtained from the World Development Indicators, World
Bank, and the World Economic Outlook, IMF. The disaggregation of the
manufacturing sector into 29 two-digit ISIC industries is found in the UNIDO
Industrial Statistics Database, UN.

L Monthly exchange rates for the euro zone were obtained from the International
Financial Statistics, IMF under the heading “ae”, end of period.

u Export data are measured by imports from the trading partners and come from two
sources. Aggregate bilateral trade is drawn from the Direction of Trade Statistics,
IMF, and the industrial trade data from the World Trade Database, Statistics Canada.
These highly disaggregated trade data are included in the NBER CD-ROM on World
Trade Flows, by Feenstra, Lipsey and Bowen (1997). Conversion of these SITC data
into ISIC has been possible thanks to a concordance key provided by Daniel Trefler
from University of Toronto.

2. Technical details

A Derivation of equation 7: Expanding the second term in equation 6 requires the use of
a simple tool of dynamic programming. The evolution of the optimal flow of value-added B, is

dB = B,dR + %BRR(oe“’ORdz)z
where By, is the derivative of the Bellman function B; with respect to R. Then, using equation

1, we can write

dB = B,[(0“ + 6)Rdz - Rudf] + “;' - (097°Rdz)?

which, in expectation, becomes

E[dB] = -RBdt + %BRR(oe“’o)2R 21
since E[dz] = 0 and E[dZ?] = dt. Dividing the equation by dt and plugging back in equation 6
in the text, yields

1 euro
V'=(p - WB - RBp + By (o™ VR
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,Finally using equation 4, taking the appropriate derivatives, and simplifying yields equation 7
in the text.

B. The simple rule directly follows from equation 5 and the definition of f3:

B, > 0 = net substitution effect = 1, > 1 < exporting industry have low h; = low value-added
Similarly,

B; <0 < net income effect = 1, < 1 = exporting industry have high h, = high value-added

Again, further details can be found in Ruhashyankiko (1998).
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