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Abstract This paper empirically analyzes the impact of exchange-rate uncer-
tainty, exchange-rate movements, and expectations on foreign direct investment
(FDI). Using data on US outward FDI for the period 1984-2004 we examine two
competing measures of exchange-rate volatility. While the standard measure yields
a discouraging effect on FDI outflows in all industries the alternative risk specifi-
cation reveals a clear distinction between manufacturing and non-manufacturing
industries, with the latter showing a positive correlation with increased exchange
risk. A real appreciation of host-country currency was associated with higher FDI
flows, while expectations about an appreciation showed a negative result.

Keywords Foreign direct investment - Real exchange-rate risk -
Volatility

JEL F21 - F23

1 Introduction

Multinational enterprises (MNEs) and foreign direct investment (FDI) are important
elements of global commerce and factor mobility. The growth of FDI has exceeded

C. W. Schmidt (X))

Dresden Leibniz Graduate School (DLGS),

Dresden University of Technology, 01062 Dresden, Germany
e-mail: c.schmidt@dlgs.ioer.de

U. Broll

Department of Business Management and Economics,
Dresden University of Technology, Helmholtzstrasse 10,
01069 Dresden, Germany

e-mail: Udo.Broll@tu-dresden.de

@ Springer



514 C. W. Schmidt, U. Broll

the growth of exports and has become the driving force for economic development
in many countries. On the one hand, FDI allows for a more efficient allocation of
resources for the investing firm in the home country. The host country, on the other
hand, benefits from knowledge transfers and spillovers as well as inciting
competition and increased productivity. Policy makers have recognized the special
position of incoming FDI as it can play an important role in promoting economic
growth.'

Theoretical predictions for the effect of exchange-rate uncertainty on FDI are
mixed across the literature. While, among others, Capel (1992), Campa (1993), and
Rivoli and Salorio (1996) explain a negative relationship mainly due to a deterring
effect of exchange-rate uncertainty on FDI. Theories of Cushman (1985, 1988),
Broll and Wong (2006), Goldberg and Kolstad (1995), and Aizenman and Marion
(2004), for instance, explain a positive link between increased exchange-rate
uncertainty and the size of FDI.

Under the assumption of imperfect capital markets, Froot and Stein (1991)
connect the exchange-rate level and wealth positions with FDI. In their theory FDI
is positively related to a depreciation of host-country currency. A similar theoretical
result comes from Blonigen (1997) who plausibly shows how a real currency
depreciation in the receiving country can increase acquisition FDI to this country.
Cushman (1985, 1988), furthermore, presents diverse theoretical outcomes for the
effect of the level of the real exchange rate on FDI decisions, depending on the
source country of the inputs used for production, where the good is produced, and
the country where the final good is sold. The author derives mainly a positive effect
of real host-country currency depreciation on FDI that is along the lines of Froot and
Stein (1991) and Blonigen (1997). In addition, he models expectations about the
future evolution of the real exchange rate and finds mixed results. Contrary,
Campa’s (1993) theory, which follows Dixit (1989), predicts a negative relationship
between real home-country currency valuation and FDI transactions to the host
country.

Empirical findings for the effect of both exchange-rate uncertainty and the
exchange-rate level on FDI mainly confirm these varying predictions. A positive
impact of exchange-rate uncertainty on FDI is presented in studies by Cushman
(1985, 1988), Goldberg and Kolstad (1995), de Meil (1999) as well as Pain and van
Welsum (2003), among others. Studies reporting a negative correlation come from
Campa (1993), Bénassy-Quéré et al. (2001), Urata and Kawai (2000), and Kiyota
and Urata (2004) to name a few. Gorg and Wakelin (2002) in contrast found no
significant relationship between real exchange-rate uncertainty and FDI. Froot and
Stein (1991), Cushman (1985), and Blonigen (1997) corroborate their theoretical
predictions of a positive correlation between host-country currency depreciation and
FDI in their empirical analyses of FDI data, which is also in line with other
empirical studies, e.g., Klein and Rosengren (1994) and Ito (2000). Campa (1993),
to the contrary, reports a negative effect. However, a number of studies, including

! Though, attracting FDI does not assure economic development in itself. Nunnenkamp (2004) adverts to
the weak institutional and structural conditions often found in developing countries, which constrain the
possible growth-enhancing and poverty-reducing effects that incoming FDI may posses.
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Pain and van Welsum (2003) and Stevens (1998) are not able to identify a
statistically significant effect of host-country currency valuation on FDI.

Following a version of the analytical framework applied by Kiyota and Urata
(2004), this paper will investigate empirically how the volatility and the level of the
real exchange rate as well as its expected future fluctuation affect US outward FDI.
Due to the vast variety of possible specifications of exchange-rate uncertainty
particular attention is given to the application of two measures of exchange-rate
risk. In accordance to Cushman (1988), the standard deviation of recent annual
changes in the real exchange rate is adopted as benchmark definition. In the course
of the analysis, this is tested against an alternative measure of uncertainty, specified
as the part of real exchange-rate volatility that is not explained by the failures of the
law of one price (Kiyota and Urata 2004).

The empirical analysis will focus on industry-specific effects, using disaggre-
gated FDI data at industry level. This is expected to provide better insight into the
coherences across different industries and through pooling produce more efficient
estimation results as compared to using country-level data.”

The structure of the paper is as follows. Section 2 introduces the analytical
methodology used for the empirical investigation, including the benchmark model
and the alternative measure of uncertainty, followed by a description of the
underlying data. Regression results of both risk specifications are presented in
Sect. 3. Section 4 incorporates some extensions to the model while focusing on
the alternative measure of real exchange-rate risk before the paper concludes with
Sect. 5.

2 Research design
2.1 Benchmark model

The analysis is based on an annual FDI time-series cross-section data set covering
outward FDI flows from the US to six selected partner countries. The data set
contains disaggregated data of nine industries over a period of 22 years from 1983
to 2004. The analytical examination follows in essence Cushman’s (1988) variable
specifications and a modified version of the model used in Froot and Stein (1991)
and Klein and Rosengren (1994) as implemented by Kiyota and Urata (2004) for the
econometric specification. Industry-specific FDI flows to the six countries are
pooled to obtain a cross-section time-series data set for each of the nine industries in
which countries are treated as cross-sections. This allows to analyze industry-
specific characteristics common to the different partner countries and may help to
disentangle ambiguous findings observed in previous studies that were conducted at
the national level. FDI flows are measured as percentage of the receiving country’s
GDP which follows a common specification already used by Klein and Rosengren

2 For example Froot and Stein (1991) and Cushman (1985) analyze the effect of real exchange rates on
FDI using annual national-level FDI data.
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(1994), Stevens (1998), Pain and van Welsum (2003) and Kiyota and Urata (2004)
for example.

The benchmark regression equation, which is applied separately to each of the
nine industries, takes the form

(%) — Bo+ By InRy + By In E(01) + B>Sd(0:) + s, (1)
it

where the left-hand side gives the dependent variable, which is industry-specific
FDI outflow from the US to partner country i, FDI;, as proportion to country i’s
GDP in year ¢, GDP;. The explanatory variables on the right-hand side include
the bilateral real exchange rate of the specific partner country i at time ¢, R;, the
expected change in the real exchange rate, E();), the standard deviation of the
real exchange rate, Sd(f;), and an error term, u;. The coefficients to be
estimated are the constant f, and the slope coefficients f;, f, and f3 for
variables InR;, InE(0;) and Sd(0,), respectively. The dependent variable is not
transformed to natural logarithmic form because of negative values present in the
underlying data.

The real exchange rate, R;;, is defined as annual nominal home-to-host currency
exchange rate times the ratio of the two countries’ price levels, P;/P,. According to
Campa (1993), the level of the real exchange rate, R, is calculated as the annual
mean of the monthly exchange rates in year ¢. Real exchange-rate volatility, Sd(0;,),
is measured by the 3-year moving average of the standard deviation of annual
percentage changes in the end-of-month real exchange rate, R;, including the
current year. Monthly nominal exchange-rate data are taken from EconStats (2007).
For the transformation of nominal exchange rates to real values producer price
indices (PPI) of the home and the host countries are used, which were obtained from
International Financial Statistics of the International Monetary Fund (IMF 2004).
Because data on PPI were not available on monthly basis, this paper uses
interpolated quarterly PPI data from the IMF to derive missing monthly
observations. Due to the rolling 3-year window in the determination of the standard
deviation, exchange-rate data for the period 1981-2004 were used.

With 6, = R, /R, the expected future change in the real exchange rate, E(6,), is
defined as the ratio of expected future real exchange-rate level to current real
exchange-rate level, E(R,.1)/R, and denotes the expected proportional change in R
over one period. For the empirical investigation this ratio is proxied for each
bilateral real exchange rate separately by R, /R, where R, is the linear prediction
from the regression

R, = a+ bt + u, (2)

in which the current real exchange rate, R,, is fitted to a constant a, a time trend ¢,
and an error term u,. Accordingly, investors who are assumed to take primarily a
long view may expect R to return to a purchasing power parity (PPP) value for
which R, could be a reasonable estimate (Cushman 1988: 328). If R is currently
above its long-run trend value, which depicts an undervalued US dollar currency,
the real exchange rate is expected to fall, representing an anticipated real

@ Springer



Real exchange-rate uncertainty and US foreign direct investment 517

appreciation of the US dollar in the next period. In this context the introduction of
the euro in 1999 that affects three countries under study is seen as no concern to the
application of Eq. 2 on real exchange rates for the effective years in this analysis.
Despite the fixed bilateral nominal exchange-rate parities among the members of the
European Monetary Union (EMU) country-specific real exchange rates continue to
reflect international price ratios. Those ratios differ in their evolution as well as
volatility, hence allowing for separate linear predictions of unequal real exchange-
rate movements for the corresponding countries.

The estimation of Eq. 2 returned a positive correlation between the linear time
trend and R, for four of six countries, with the real exchange rates of Canada
and France showing a negative relation. The mean coefficient (b) of all countries
is 0.003, the mean ¢ ratio is 0.605, and the mean adjusted R? is 0.067. However,
statistical significance of the linear time trend is reported only for the real
exchange rates of the UK and Canada. The low mean adjusted R*> for all
countries represents a very weak overall fit of the linear time trend on the real
exchange-rate data for the underlying time period. Better estimation quality
demonstrated by Cushman (1988) might be due to the differing time period
covered in the analysis.

In Eq. 1 a negative sign is expected for f;, implying decreasing FDI outflows to
the partner country in reference to a real devaluation of the US dollar. This comes as
a result of improved competitiveness in the export strategy as compared to the FDI
strategy due to lower relative costs for domestic production. In case of a real
appreciation of US dollar the opposite holds, i.e., shifting production to the foreign
market lowers relative production costs. Following theoretical predictions by
Cushman (1988) signs for 5, and f3 are undetermined.

2.2 Alternative measure of exchange-rate uncertainty

Unlike the majority of previous studies that use variances or standard deviations of
exchange rates as a measure of uncertainty, a different approach is taken in this
section, following a study by Kiyota and Urata (2004). As a measure of volatility,
we now employ a specification that only captures the part of real exchange-rate
volatility not explained by failures of the law of one price. Failures to this principle
can partly be explained by factors known to investors, such as distance and national
border. It is argued that the part of real exchange-rate volatility accounted for by
these factors can not be treated as ‘uncertain’. After excluding the impacts from the
failures of the law of one price, we predict a negative effect of the ‘true’ exchange-
rate volatility on FDI flows to the host country.

For analyzing the effect of this true exchange-rate volatility on FDI flows
regression Eq. 1 from the benchmark model is altered to incorporate the alternative
volatility specification. The regression equation, which again is applied separately to
each industry, is of the following form

FDI
—— | =fo+ piInR; + B, InE(0;) + S VOL;; + uyy, (3)
GDP) ,
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where the previously used standard deviation of future changes in the real exchange
rate is now replaced by the unexplained part of real exchange-rate volatility, VOL;,,
for partner country i in year t.

Values for the country-specific unexplained part of real exchange-rate volatility,
VOL,;, are derived in the following way. The unexplained part of real exchange-rate
volatility, VOL,,, is obtained by calculating the absolute difference between the
actual variance of the real exchange rate, var(R;), and the part of the volatility
explained by the failures of the law of one price, var(R;),

VOL;, = |var(R;;) — var(R;)|. (4)

Actual real exchange-rate variance, var(R;), is measured by the variance of
percentage changes in the real exchange rate for the period of the preceding 2 years
not including the current by using monthly data.

Real exchange-rate volatility explained by the failures of the law of one price,
var(R;;), is based on information known to market participants and therefore does
not represent uncertainty per se, but rather a predictable factor. Concentrating on the
unexplained part of exchange-rate volatility allows to specifically exploit effects
caused by unknown, hardly predictable, economic factors.

According to Engel and Rogers (1996), who analyzed price dispersions among
locations, distance and border are significant determinants for price variations. In
the next step we, therefore, determine the explained part of real exchange-rate
volatility along the lines of Kiyota and Urata (2004) by estimating a gravity
equation of the form

var(R;;) = a9 + oy In Dist; 4 o In(GDP,GDP;;) + u;,, (5)

where the subscript i denotes the host country, Dist; is the distance in kilometers
between the capital cities of the US and the respective partner country i and y;, is an
error term.” The border effect is proxied by including the GDP of the home and the host
country, GDP, and GDP;,, respectively. This equation is estimated using a random-
effects model, including year dummies, to control for further country-specific random
effects and macroeconomic shocks. The fitted values of this regression form the
explained part of real exchange-rate volatility, var(R;,), as included in Eq. 4. Figure 1
plots the actual real exchange-rate variance, var(R;,), against the predicted variance,
var(R;), from Eq. 5 for a visual comparison. Noticeable is a roughly flat line at the
bottom of the graph which depicts the variance of the USD/Can$ real exchange rate.
This remarkably low variance could be seen as an affirmation of gravity theory in that
it attests to the assumption of increasing exchange-rate uncertainty the larger the
distance between two countries is. In the case of Canada, the common border with the
US seems to decrease the according risk substantially.

2.3 Description of the data

The analytical investigation of the effects of the exchange rate and the exchange-
rate uncertainty on FDI flows is conducted on the basis of a data set obtained from

3 Gravity data is taken from Haveman (2006).
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the Bureau of Economic Analysis (BEA 2007) of the US Department of Commerce
for the years 1982-2004. It contains data on international transactions between US
parent companies and their foreign affiliates. The analysis concentrates on capital
outflows as aggregated size, which consists of the three separate components equity
capital outflows, reinvested earnings and intercompany debt outflows. Nominal FDI
data were converted to real 2000 prices using the appropriate GDP deflator from
IMF Country Tables (IMF 2004). Due to restrictions on both exchange rate as well
as other country-specific data for the time period under study the coverage could not
be expanded beyond six major US FDI recipients, namely Japan, Germany, the UK,
Canada, France, and Italy, which nevertheless accounted for about 41% of total US
FDI outflows during the sample period.

The long-run trends in US outward FDI flows, expressed as percentage of host
country GDP, are presented in Table 1. It can be seen that overall FDI outflows’
share in GDP increased strongly from 0.25% in the 1980s to 0.8% during the first
half of the current decade. However, across industries it shows significant
differences. While FDI outflows in manufacturing industries in general increased
slightly—in single industries even decreased—, a much clearer increase is identified
among the nonmanufacturing industries Wholesale Trade, Depository Institutions
and Finance, Insurance and Real Estate. Especially to be noted, FDI outflows in the
Depository Institutions industry display the largest gain in their share of GDP,
showing a fivefold surge from the 1990s to the beginning of the current decade.

Real exchange-rate data were derived from annual average observations of the
nominal bilateral exchange rates, as taken from EconStats (2007). The nominal
exchange rate is denoted as the amount of home-country currency needed to
purchase one unit of host-country currency. Due to data restrictions it was not
possible to obtain industry related price indices for the construction of industry-
specific real exchange rates. As reasonable alternative the PPI for each country is
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520 C. W. Schmidt, U. Broll

Table 1 Trends in FDI outflows (% of GDP, average over countries)

1982-1989 1990-1997 1998-2004
All Industries 0.251 0.457 0.798
Manufacturing Total 0.161 0.175 0.224
Food 0.008 0.027 0.014
Chemicals 0.028 0.038 0.034
Primary and Fabricated Metals 0.013 0.019 0.007
Electric Machinery 0.008 0.010 0.036
Wholesale Trade 0.026 0.034 0.045
Depository Institutions 0.003 0.002 0.010
Finance, Insurance and Real Estate 0.080 0.157 0.153

Source: Author’s calculations, BEA (2007), IMF Country Tables (2004)

Table 2 Trends of the real exchange rates (US dollar per partner country currency)

1983 1988 1992 1996 2000 2004
Japan 0.00634 0.01014 0.00969 0.00979 0.00928 0.00804
Germany 0.44623 0.62323 0.69625 0.67121 0.47227 0.61177
UK 1.14794 1.56138 1.70816 1.57818 1.51655 1.72112
Canada 0.70559 0.77669 0.73493 0.70868 0.67330 0.71580
France 0.14127 0.20049 0.20816 0.19784 0.14074 0.17783
Italy 0.00046 0.00065 0.00073 0.00063 0.00048 0.00062

Source: Author’s calculations, EconStats (2007), IMF Country Tables (2004)

used. The nominal exchange rates were then multiplied by the ratio of host country
PPI to home country PPI. The development of the respective real exchange rates of
the six partner countries in this sample is presented in Table 2. Figures show that
most currencies appreciated against the US dollar in real terms, with exception of
Can$, over the period 1983-2004. During the first half of the 1990s all partner
country currencies were stronger against the US dollar than at the beginning of the
sample period as well as the beginning of the current decade. Only to the end of the
sample period the US dollar revalued again against all currencies, but Japan yen.
Real exchange rates for the three countries that introduced the euro as a common
currency continue to be determined by both differing movements as well as
volatilities of their country-specific international price ratios. In this regard, the
introduction of euro is not further addressed at this point.

The noticeable trends interestingly indicate a likely positive connection of home-
country currency depreciation and increasing FDI outflows during the sample
period, which would be in contrast to theoretical predictions by Cushman (1988)
and Froot and Stein (1991), for instance. Discussion of the estimation results
presented in Sect. 3 of this paper will shed light on this controversial issue.
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Real exchange-rate uncertainty and US foreign direct investment 521

Table 3 Summary Statistics

Obs. Mean Standard deviation Minimum Maximum
(FDI/GDP); 1,188 0.10640 0.30970 —0.34300 3.45000
InR; 132 —2.41294 2.81310 —7.75213 0.55001
1nE(6;) 132 0.00951 0.13911 —0.28394 0.32092
Sd(6,) 132 0.08439 0.03754 0.02053 0.19667
VOL; 132 0.00017 0.00013 0.00002 0.00070
(K/GDP); 1,188 0.00804 0.02192 —0.00661 0.20669
In(ULC/ULC;)) 132 0.12808 0.21992 —0.35084 0.78693
In(i/i;) 132 0.02578 0.39907 —0.90922 1.33316

Source: Author’s calculations

Table 3 presents summary statistics for the variables used in the different
regressions conducted in this paper. Complete information on industry-specific
correlations of variables are detained at this point but can be provided by the authors
upon request.

2.4 Econometric issues

Based on the data at hand, a simple test for serial correlation in the idiosyncratic
errors of a linear panel-data model, as discussed by Wooldridge (2001), was
performed for all industries for the benchmark model in Sect. 2.1 as well as the
alternative model specification discussed in Sect. 2.2. In both cases the null
hypothesis of no first-order autocorrelation could generally not be rejected, except
for All Industries and Finance, Insurance and Real Estate, indicating that the error
terms within the time series of these two industries exhibit serial correlation. This
will be controlled for by allowing a panel-specific autoregressive process with one
lag (AR1) for the error terms in the regression.

To examine the existence of a potential heteroscedastic error structure in the
panel data in the form of a nonconstant conditional variance of the error terms
across different groups of the sample at one point in time, a likelihood-ratio test is
conducted. Following closely the procedure proposed by Wiggins and Poi (2001)
the existence of heteroscedasticity between panels in the data set at hand is revealed.
In the underlying sample, countries seem to exhibit different sensitivities to changes
in fundamental factors, therefore introducing cross-sectional heteroscedasticity of
the error terms in the model.

As a further issue, the error terms of different cross-sections are assumed to be
contemporaneously correlated due to a common element. It appears reasonable to
presume a common element in the error terms of the different cross-sections
because global macroeconomic shocks specific to an industry may well affect the
same industry in all countries in a similar way.

As a result of above issues, usual OLS estimates would be inefficient in the
presence of both serial correlation (within panel) and cross-sectional correlation
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(across panel) as well as heteroscedasticity. For this reason, we use the feasible
generalized least squares (FGLS) estimation method to allow for these error term
characteristics.

3 Estimation results

Elasticities at the sample mean computed from the estimated coefficients in Eqs. 1
and 3 are presented in Tables 4 and 5. For the subsequent presentation and
interpretation FDI as proportion of GDP will be referred to as with the terms FDI or
FDI flows for simplicity.

The benchmark model specification of exchange-rate risk, Sd(0), measured as
standard deviation of annual real exchange-rate changes over the preceding 3 years
including the current, exhibits a statistically significant negative relationship with
US FDI outflows in eight industries, including All Industries. In general, declining
uncertainty about the future movements of the real exchange rate on average
corresponded with increasing US FDI outflows for the period 1983-2004. These
findings confirm a discouraging effect of exchange-rate volatility on FDI which is in
accordance to empirical analyses of Bénassy-Quéré et al. (2001) and Urata and
Kawai (2000).

Exchange risk measured by the unexplained part of real exchange-rate volatility,
VOL, is statistically significant in six of nine industries, though at least at the 5%

Table 4 Elasticities: benchmark model, dependent variable US outward FDI: (FDI/GDP);

All Manufacturing Food Chemicals
Industries Total
R; 0.177%#%%* 0.103%%*%* 0.049 0.057%*
E,) 0.031 —0.176 —0.571 —1.326%*
Sd(0;) —0.186%* —0.524%** —0.470* —0.387*
Log-LH —6.638 78.738 307.581 245.803
AIC 21.276 —149.476 —607.162 —483.606
Wald chi® 31.080%#* 65.410%*%* 5.160 13.680%**
Primary and Electric Wholesale Depository Finance, Insurance
Fabricated Machinery Trade Institutions and Real Estate
Metals
R; 0.101%%* —0.002 0.114%%%* 0.310%** 0.287%**
E0) —0.286 1.307 —0.519 1.570 0.407
Sd(0,) —0.483* —1.012%** —0.242 —3.745%** 0.048
Log-LH 319.247 292.664 244914 339.238 107.786
AIC —630.494 —577.327 —481.829 —670.477 —207.573
Wald chi? 15.040%** 16.660%** 28.650%%* 42.100%%* 34.150%#*

Number of observations: 132
* ek % denote statistical significance at the 10, 5, and 1% level, respectively

Source: Author’s calculations
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Table 5 FElasticities: alternative volatility, dependent variable US outward FDI: (FDI/GDP);

All Manufacturing Food Chemicals
Industries Total
R; 0.174%+%* 0.156%*%* 0.102%%* 0.081%#*%*
E@0,) 0.095 —0.016 0.080 —0.963%%*
VOL; 0.057+** —0.12]%** —0.022 —0.143%%*
Log-LH —4.395 88.710 310.561 250.220
AIC 16.790 —169.419 —613.122 —492.439
Wald chi? 17.290%** 136.800%** 7.590% 19.220%%**
Primary and Electric Wholesale Depository Finance, Insurance
Fabricated Machinery Trade Institutions and Real Estate
Metals
R; 0.102%%%* 0.050 0.142%%%* 0.502%#%* 0.274%%*
E@0,) —0.308 0.928 —0.156 2.382 0.404
VOL; —0.261%** —0.086 0.072 0.767+* 0.212%%*
Log-LH 328.462 287.610 250.808 336.659 99.567
AIC —648.925 —567.220 —493.617 —665.318 —191.134
Wald chi® 15.040%*%* 3.730 34.870%** 17.950%%*%* 17.590%**

Number of observations: 132
* ek Rk denote statistical significance at the 10, 5, and 1% level, respectively

Source: Author’s calculations

confidence level. Unlike the benchmark results a significant negative relationship
between VOL and FDI flows is found only in Manufacturing Total, Chemicals and
Primary and Fabricated Metals. Contrary to this, the alternative measure of
exchange-rate volatility yields a positive and statistically significant effect in All
Industries, Depository Institutions and Finance, Insurance and Real Estate. Hence,
an increase in real exchange-rate volatility that is not explained by the failures of the
law of one price had on average an encouraging effect on US FDI outflows in these
three latter industries. These results stand in opposition to findings by Kiyota and
Urata (2004) who found a consistent negative effect of VOL on Japan’s FDI
outflows across all industries for the years 1990-2000.

A remarkable feature in this context is the dichotomy of a negative effect in
manufacturing sectors, corresponding to the benchmark results, and a positive effect
in nonmanufacturing sectors in the alternative model.

Interesting to note is the relatively high sensitivity of US FDI outflows in
Depository Institutions with respect to increased exchange risk in both models,
showing a multiple of the other industries’ sensitivities. Another characteristic in the
comparison of the two model specifications is that for most of the industries in this
study the reported sensitivities of FDI outflows with regard to real exchange-rate
risk turn out to be lower when applying the alternative risk specification. Finance,
Insurance and Real Estate is the only industry that exhibits a higher sensitivity for
real exchange-rate uncertainty in comparison to the benchmark results.
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A real depreciation of the US dollar during the research period, indicated by a
rise in R, was on average associated with an increase in US outward FDI flows in the
majority of industries in both models,* which is at odds with theoretical predictions
of Cushman (1988) and Froot and Stein (1991) as well as several empirical
ﬁndings,5 but in line with, for example, Campa (1993) and Gorg and Wakelin
(2002).

The expected future change in the real exchange rate, E(0), shows very weak
results for an effect on FDI outflows. In the two models the estimated coefficient is
statistically significant only in the Chemicals industry. The reported effect is
negative, stating that an expected future real devaluation [i.e., higher E(6)] of the
US dollar was on average accompanied by decreased US FDI outflows of MNEs
operating in the Chemicals sector. Apparently, this expectations variable generally
seems inapplicable to explain locational decisions of MNEs as theoretically
predicted by Cushman (1988).

As adumbrated above the introduced alternative measure of real exchange-rate
uncertainty, VOL, produces not only a clustered outcome among identified
industries but also less sensitive reactions of FDI outflows to real exchange-rate
risk vis-a-vis the benchmark specification. In addition, the overall goodness-of-fit as
indicated by the Akaike Information Criterion (AIC) and the log-likelihood is in
general better for the alternative model specification than for the benchmark model.
This leads to the conclusion that the unexplained part of real exchange-rate
volatility as a measure of ‘true’ uncertainty seems superior to the more commonly
used standard deviation from the benchmark model. Further research is required to
assert those coherences in reference to different country sets and time frames.

4 Further extensions

Having discussed the two competing measures of real exchange-rate uncertainty in
the preceding section the analysis is now augmented with additional explanatory
variables traditional to FDI analyses, though, directed only to the unexplained part
of real exchange-rate uncertainty as risk measure. Previous studies by Froot and
Stein (1991), Klein and Rosengren (1994), Ito (2000), Sazanami et al. (2003),
Kiyota and Urata (2004) and others have discovered that capital stock already
existent in the host country as well as relative labor costs are important factors in
determining new FDI. Agglomeration might be important for FDI decisions because
of its status as indicator for established markets and positive investment climate.
Since FDI incurs substantial sunk costs, a considerable existing stock of FDI in a
country is regarded as sign of security for potential investors and could encourage
new FDI. An investor may find further benefits in a market with larger FDI stock as
compared to other markets, such as knowledge spillovers from other firms and

* Calculations were also performed with pure FDI flows, FDI;, which yielded identical signs and
sensitivities for the explanatory variables.

SA negative effect was found by Klein and Rosengren (1994), Ito (2000), Sazanami et al. (2003), and
Bénassy-Quéré et al. (2001) among others.
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network effects. As argued by Kiyota and Urata (2004), at the industry level FDI
stock can partly capture the agglomeration effect. To incorporate this possible effect
accumulated FDI flows from the previous period are included as proportion of host-
country GDP (K/GDP);,_, into the regression. K;,_; is defined as the cumulated
sum of industry-specific real US FDI outflows to the particular partner country i
from 1982 to t — 1.

As another explanatory variable the ratio of the home-country unit labor cost
index to the host-country unit labor cost index (ULC/ULC;),, is included in the
regression equation to control for relative labor costs. This measure is preferred over
wage rates because it does not only quantify labor cost distinctions but also
productivity differences between two partner countries in that unit labor cost gives
the actual labor cost necessary to produce one unit of output. Data on national-level
unit labor costs are taken from the US Bureau of Labor Statistics (BLS 2007) and
transformed to ratios. Multinational companies are presumed to favor regions with
higher productivity and lower labor cost over others when locating new FDI.

Motivated by Gorg and Wakelin (2002), a third variable is added to control for
financing costs in the home country. This is proxied by the inclusion of the relative
real interest rate (i/i;);, between the US and its particular partner country. Especially
MNEs that depend largely on external financing for their business may be
discouraged by higher real interest rates. Annual nominal interest rate information
are obtained from IMF Country Tables (IMF 2004) and transformed to real values
by the GDP deflator with base year 2000 to correct for changes in the purchasing
power of money.

With the addition of these new explanatory variables the augmented regression
equation becomes

FDI
( > =p,InR; + f,InE(0;) + p3VOL(0;) + S, Trend;
it

GDP
K ULC i
. In(—— in(+) +u,
+ﬁ5 (GDP)izl+ﬁ6 n(ULCi>t+ ﬁ7 n(ii>t+ul

where a time trend, Trend;;, cumulated stock of real US FDI outflows relative to
GDP in the host-country of the previous period (K/GDP);,_;, unit labor cost ratio
(ULC/ULC,),, and real interest rate ratio (i/i;),, are included. With the inclusion of a
trend variable we control for possible trends in US outward FDI as indicated in
Table 1 and follow more closely the specification used by Kiyota and Urata (2004)
who reported significant trends in Japan’s FDI.

Coefficients fis and ¢ are expected to show positive signs as a larger existing
stock of FDI in the destination region and higher relative unit labor cost at home
promote FDI flows to the host country. A significant negative sign on f; would
indicate higher dependency of the MNE on domestic financing, and thus discourage
FDI in face of higher domestic capital costs.

As discussed earlier in Sect. 2.4 a simple test for first-order autocorrelation was
performed for the benchmark specification. Due to the changed specification in the
augmented model, the same test was conducted including the additional variables.
This time, the test statistic had to be rejected in all but one industry. Wholesale

(6)

@ Springer



526 C. W. Schmidt, U. Broll

Trade was found to exhibit no first-order autocorrelation in the underlying data. In
opposition to this, all other industries now show serial correlation with at least one
lag. For these industries a panel-specific AR(1) process is assumed during the
estimation, using FGLS again.

Results of the augmented model regression expressed in elasticities at the sample
mean calculated from coefficients in Eq. 6 are presented in Table 6. Results for the
level of the real exchange rate, R, correspond to those from the benchmark and the
alternative model in Tables 4 and 5. Estimates for the expected future change in the
real exchange rate, E(0), show mixed outcomes. An expected real depreciation of
the US dollar in the subsequent period has had a diminishing effect on US FDI
outflows in Chemicals and Wholesale Trade industries. Whereas increases in
outward FDI in Electric Machinery and Depository Institutions were associated with
appreciation expectations for the host-country currency.

In spite of controlling for additional factors concerning FDI decisions the
bipartite results on real exchange-rate volatility, VOL, for manufacturing and

Table 6 Elasticities: augmented model, dependent variable US outward FDI: (FDI/GDP);

All Industries Manufacturing Total Food Chemicals
R; 0.0587%* 0.064##* 0.087 0.047*
E0)) —0.560 —0.275 —0.763 —1.719%:%*
VOL; 0.081%#* 0.003 —0.017 —0.043
(K/GDP); ,—; 0.671%** 0.577#%* 0.258 0.534%%%*
ULC/ULC; 0.481 0.473 1.196* 1.157%*
i/i; 0.050 —0.081 —0.593%** —0.276*
Trend 0.242 0.393%#* 0.715 0.479%%*
Log-LH —2.577 102.312 320.379 265.855
AIC 19.154 —190.623 —626.759 —517.710
Wald chi? 116.100%#* 111.910%#* 29.430%* 138.830%**
Primary and Electric Wholesale Depository Finance, Insurance
Fabricated Metals Machinery Trade Institutions and Real Estate
R; 0.128%:#* 0.007 0.090%3#* 0.995%%#%* 0.099%*
E0)) —0.756 2.735%* —1.289%** 14.685%%#%* —0.876
VOL; —0.224%* —0.131 0.065 0.636* 0.219%*
(K/GDP); ,—; —0.006 0.304 0.448%##* —0.698** 2.280%%*%*
ULC/ULC; 0.438 —1.465 1.005%#* —7.388%* 0.779
i/i; —0.331%* 0.027 —0.363%** —0.168 —0.060
Trend 1.206%** 0.878%##* 0.522%#% 3.763%%* 0.300
Log-LH 333.615 298.935 269.306 343.393 109.231
AIC —653.230 —583.871 —524.611 —672.786 —204.462
Wald chi? 18.270%* 57.650%#* 145.340%%** 25.530%*%* 143.350%**

Number of observation: 132
* k¥ % denote statistical significance at the 10, 5, and 1% level, respectively

Source: Author’s calculations
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non-manufacturing sectors remain present, though, less pronounced due to a
reduction in the number of reported industries. The absolute sensitivity of FDI
outflows to real exchange-rate risk is highest for Depository Institutions as before,
which, in conjunction with sensitivities on real exchange-rate level and future
expectations, discloses a significant dependence on real exchange-rate character-
istics for this industry.

Among the additional control variables existing stock of FDI in the host country
proves to be highly significant in six industries, showing the expected positive sign
in all but one cases. A negative effect on new FDI, however, is found for Depository
Institutions. Higher productivity, as captured by the unit labor cost ratio, is found to
be important for FDI decisions in Food, Chemicals and Wholesale Trade industries.
An exception again are Depository Institutions in that they show a strong link
between increased unit labor costs at home relative to the host country and reduction
of FDI in the host country. The inclusion of the real interest rate ratio yields a
significant negative effect on FDI in Food, Chemicals, Primary and Fabricated
Metals, and Wholesale Trade industries. MNE in these four industries appear to rely
more on external financing, especially domestic, than others. Hence their investment
decisions are notedly influenced by changes in real interest rates. Interestingly,
according to de Serres et al. (2006: 47) the Chemical, Wholesale Trade and Food
industries are listed among the top ten industries most dependent on external
finance, thus the result in this analysis would confirm the strong interest rate
dependence of these industries as implied by de Serres et al. (2006). In contrast to
our findings, a positive effect of relative interest rate on US outward FDI is found by
Gorg and Wakelin (2002). However, the applied measure of FDI is very different in
that it is defined as US outward MNE sales of affiliates in the host country rather
than capital transfers.

Corresponding to Kiyota and Urata (2004) a trend variable, Trend, was included
in the regression to control for a possible time dependent evolution of US FDI
outflows during the sample period. As indicated by the discussion in Sect. 2.3 a
significant and positive trend in US outward FDI as percentage of host-country GDP
is confirmed for six out of nine industries describing an autonomous expansion of
FDI in these industries independent of the variables under study. The specific
upsurge in FDI outflows in Depository Institutions from Table 1 is also noticeable
reflected in the high sensitivity of the trend variable in Table 6. Yet, the results in
this analysis stand in contrast to the consistently negative findings of Kiyota and
Urata in their study on Japan’s outward FDI to its partner countries for the period
1990-2000.

5 Concluding remarks

This paper introduces an analytical framework that analyzes the impact of real
exchange-rate risk, the real exchange-rate level and its expected future change on
outward FDI flows in nine industries from the US to six partner countries for the
period 1983-2004. Two different measures of exchange-rate uncertainty are applied
for this purpose.
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Using first a benchmark definition of real exchange-rate risk, measured by the
standard deviation of annual percentage changes, the empirical analysis shows a
statistically significant negative effect on US outward FDI flows for the majority of
industries. These findings are in line with empirical studies of Bénassy-Quéré et al.
(2001) and Urata and Kawai (2000).

Applying an alternative measure of real exchange-rate risk, defined as the
unexplained part of real exchange-rate volatility, results exhibit a clustered
characteristic among industries. While manufacturing industries reveal a negative
effect of real exchange-rate risk on US FDI outflows, the relationship is positive for
nonmanufacturing sectors. Moreover, calculated sensitivities are generally lower
when using the alternative exchange risk specification. This seems to indicate a
better applicability of the unexplained part of real exchange-rate volatility, as
adopted from Kiyota and Urata (2004), when studying locational decisions of
multinational firms.

In contrast to theoretical predictions of a negative effect of real home-country
currency depreciation on outward FDI results show a persistent positive sign across
industries for the underlying research period. Statistical significance is reported for
most industries. This is a clear difference to earlier empirical findings by Klein and
Rosengren (1994) and Ito (2000) among others. The controversial result may be due
to the particular period covered, which in this analysis differs from previous studies
in that a more recent time frame is used. The specific pattern of the positive
relationship between home-country currency depreciation and FDI outflows can be
explained by the increased FDI flows worldwide applying to most countries,
including the US. This development, at the same time, coincided with a real
depreciation of the US dollar against major currencies, leading to these particular
findings.

Expectations on future changes of the real exchange rate are found to have a
statistically significant effect in only one industry. In the Chemicals industry an
expected future depreciation of the real exchange rate is associated with diminishing
FDI activities of MNEs.

The inclusion of additional control variables within an augmented model
framework, namely existing stock of FDI, relative unit labor costs and relative real
interest rate, improves the overall goodness-of-fit of the estimation and contributes
largely to the explanation of US FDI outflows. The cumulated stock of FDI shows
the expected positive sign and is statistically significant in six of nine industries.
Similarly, higher domestic unit labor costs compared to the host country stimulate
FDI outflows in four of the investigated industries.

Assuming mainly domestic financing of funds we expected the relative real
interest rate, defined as home-to-host-country real interest rate, to capture financing
costs of MNEs engaged in FDI. The anticipated negative effect is found to be
statistically significant in four industries, of which three are listed among the sectors
most dependent on external financing according to a study by de Serres et al. (2006).
Those industries, therefore, seem to be more sensitive to interest rate fluctuations
than other industries in this study for which no effect is observed.

@ Springer



Real exchange-rate uncertainty and US foreign direct investment 529

References

Aizenman, J., & Marion, N. (2004). The merits of horizontal versus vertical FDI in the presence of
uncertainty. Journal of International Economics, 62(1), 125-148.

BEA (Bureau of Economic Analysis) (2007). Historical data: Detailed annual balance of payments and
position estimates on a historical-cost basis 1982-2004. U.S. Department of Commerce. [online]
http://bea.gov/international/dilusdbal.htm (Accessed January 24, 2007).

Bénassy-Quéré, A., Fontagné, L., & Lahréche-Révil, A. (2001). Exchange-rate strategies in the
competition for attracting foreign direct investment. Journal of the Japanese and International
Economies, 15(2), 178-198.

Blonigen, B. A. (1997). Firm-specific assets and the link between exchange rates and foreign direct
investment. American Economic Review, 87(3), 447-465.

BLS (Bureau of Labor Statistics) (2007). Foreign labor statistics: Unit labor costs in manufacturing, U.S.
Dollar Basis. U.S. Department of Labor. [online] http://www.bls.gov/fls/ (Accessed March 11,
2007).

Broll, U., & Wong, K. P. (2006). Multinationals, hedging, and capital structure under exchange rate
uncertainty. Open Economies Review, 17(1), 103—114.

Campa, J. M. (1993). Entry by foreign firms in the United States under exchange rate uncertainty. Review
of Economics and Statistics, 75(4), 614-622.

Capel, J. (1992). How to service a foreign market under uncertainty: A real option approach. European
Journal of Political Economy, 8(3), 455-475.

Cushman, D. O. (1985). Real exchange rate risk, expectations, and the level of direct investment. Review
of Economics and Statistics, 67(2), 297-308.

Cushman, D. O. (1988). Exchange-rate uncertainty and foreign direct investment in the United States.
Weltwirtschaftliches Archiv/Review of World Economics, 124(2), 322-336.

de Menil, G. (1999). Real capital market integration in the EU: How far has it gone? What will the effect
of the euro be? Economic Policy, 28, 167-201.

de Serres, A., Kobayakawa, S., Slgk, T. M., & Vartia, L. (2006). Regulation of financial systems and
economic growth (OECD working paper no. 506). [online] http://ssrn.com/paper=965693 (Accessed
February 5, 2008).

Dixit, A. K. (1989). Hysteresis, import penetration, and exchange rate pass-through. Quarterly Journal of
Economics, 104(2), 205-228.

EconStats (2007). FX rates. [online] http://www.econstats.com/fx/ (Accessed February 22, 2007).

Engel, C., & Rogers, J. H. (1996). How wide is the border? American Economic Review, 86(5),
1112-1125.

Froot, K. A., & Stein, J. C. (1991). Exchange rates and foreign direct investment: An imperfect capital
markets approach. Quarterly Journal of Economics, 106(4), 1191-1217.

Goldberg, L. S., & Kolstad, C. D. (1995). Foreign direct investment, exchange rate variability and
demand uncertainty. International Economic Review, 36(4), 855-873.

Gorg, H., & Wakelin, K. (2002). The impact of exchange rate volatility on US Direct Investment.
Manchester School, 70(3), 380-397.

Haveman, J. D. (2006). International trade data, useful gravity model data. [online] http://www.
macalester.edu/research/economics/PAGE/HAVEMAN/Trade.Resources/TradeData.html  (Acces-
sed July 25, 2006)

IMF (International Monetary Fund) (2004). International Financial Statistics. Washington, DC: IMF.

Ito, T. (2000). Capital flows in Asia. In S. Edwards (Ed.), Capital flows and the emerging economies:
Theory, evidence and controversies (pp. 255-297). Chicago: University of Chicago Press.

Kiyota, K., & Urata, S. (2004). Exchange rate, exchange rate volatility and foreign direct investment.
World Economy, 27(10), 1501-1536.

Klein, M. W., & Rosengren, E. (1994). The real exchange rate and foreign direct investment in the United
States: Relative wealth vs. relative wage effects. Journal of International Economics, 36(3—4), 373—
389.

Nunnenkamp, P. (2004). To what extent can foreign direct investment help achieve international
development goals? World Economy, 27(5), 657-678.

Pain, N., & van Welsum, D. (2003). Untying the Gordian knot: The multiple links between exchange
rates and foreign direct investment. Journal of Common Market Studies, 41(5), 823-846.

@ Springer


http://bea.gov/international/di1usdbal.htm
http://www.bls.gov/fls/
http://ssrn.com/paper=965693
http://www.econstats.com/fx/
http://www.macalester.edu/research/economics/PAGE/HAVEMAN/Trade.Resources/TradeData.html
http://www.macalester.edu/research/economics/PAGE/HAVEMAN/Trade.Resources/TradeData.html

530 C. W. Schmidt, U. Broll

Rivoli, P., & Salorio, E. (1996). Foreign direct investment and investment under uncertainty. Journal of
International Business Studies, 27(2), 335-357.

Sazanami, Y., Yoshimura, S., & Kiyota, K. (2003). Japanese foreign direct investment to East Asia and
exchange rate policies: Some longer term policy implications after the crisis. Keio Economic
Studies, 40(1), 1-26.

Stevens, G. V. G. (1998). Exchange rates and foreign direct investment: A note. Journal of Policy
Modeling, 20(3), 393-401.

Urata, S., & Kawai, H. (2000). The determinants of the location of foreign direct investment by Japanese
small and medium-sized enterprises. Small Business Economics, 15(2), 79-103.

Wiggins, V., Poi, B., (2001). Testing for panel-level heteroskedasticity and autocorrelation. [online]
http://www.stata.com/support/faqs/stat/panel.html (Accessed May 12, 2007).

Wooldridge, J. M. (2001). Econometric analysis of cross section and panel data (1st ed.). Cambridge:
MIT Press.

@ Springer


http://www.stata.com/support/faqs/stat/panel.html

	Real exchange-rate uncertainty and US foreign direct investment: an empirical analysis
	Abstract
	Introduction
	Research design
	Benchmark model
	Alternative measure of exchange-rate uncertainty
	Description of the data
	Econometric issues

	Estimation results
	Further extensions
	Concluding remarks
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


