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Abstract
According to empirical studies, a statistically significant factor for German exports success is high cost (or price)
competitiveness. Studies by Deutsche Bundesbank recommend correcting the nominal effective exchange rate by
broad cost (or price) indicators (Deutsche Bundesbank, 1998, 2016a). This would call for total economy unit labour
costs. In contrast to these findings, Dustmann et al. (2014) suggest using refined unit labour costs for the exporting
manufacturing sector only, corrected for inputs from other sectors and from abroad in an Input–Output (IO) analysis
framework. According to these authors’ novel calculation, the export-oriented manufacturing sector of Germany
experienced a decrease in unit labour costs by 25% between the mid-1990s and 2007. We try to replicate their findings. Following standard approaches in calculating sectoral unit labours costs, correcting for inputs from other sectors
and from abroad, and using consistent input–output data from the Federal Statistical Office and from the World
Input–Output Database, nominal unit labour costs of the manufacturing sector did not decrease over the period of
analysis, and developed similarly to total unit labour costs. The similarity to total economy costs is also confirmed for
a more recent period. In contrast to these authors’ claim, our findings are in line with recommendations of Deutsche
Bundesbank for using total economy unit labour costs.
Keywords: Input–output analysis, German exports, Cost competitiveness, Unit labour costs, Real effective exchange
rate, Manufacturing sector, Wage costs, Outsourcing
JEL Classification: C67, F16
1 Introduction
Export growth depends on several factors: price or cost
competitiveness, non-price competitiveness, the structure of export products, growth in export destination
countries, and, as a result, demand from these countries
(see Altomonte et al., 2013; Karadeloglou & Benkovskis,
2015 for overviews). Non-price competitiveness comprises the size of firms and technological capacities, taxation, access to finance, public support for research and
development, and the location of the country that can
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explain geographical as well as product specialization
(Altomonte et al., 2013).
Concentrating on cost (or price) competitiveness of a
country’s exports, the most prevalent indicator is the
real effective exchange rate (REER), a weighted average
of indexed nominal bilateral rates between countries,
adjusted for relative movements of cost or price indicators of the respective countries. Even though manufactured goods dominate German exports, REER adjusted
for unit labour costs of the manufacturing sector would
yield a distorted picture of cost competitiveness of German exports, as they do not include the cost relieving
effect of intermediate goods from other domestic sectors
and imported intermediaries (Deutsche Bundesbank,
1998, pp. 41–45). Broad-based cost (or price) indicators
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perform better in explaining and forecasting German
exports than narrowly defined ones (Deutsche Bundesbank, 1998, updated 2016a). Thus, total economy unit
labour costs are seen as a better correction than sectoral
unit labour costs.
Since the introduction of the euro, the focus for cost
(or price) competitiveness has shifted from exchange rate
movements, as they are no longer under national control,
to national cost or price developments. For Germany,
several authors see a pivotal role for export success in low
unit labour cost developments (see Flassbeck & Lapavitsas, 2012; Dustmann et al., 2014). Yet, in contrast to the
Bundesbank’s recommendation to concentrate on broad
cost aggregates like total economy unit labour costs,
Dustmann et al. (2014) stress that unit labour costs developments for the exporting manufacturing sector are the
ones that should be scrutinized. Based on input–output
(IO) coefficients for Germany, Dustmann et al. augment
sectoral manufacturing unit labour costs for outsourcing of manufacturing production to the services sector.
Additionally, they include imported inputs of the manufacturing industry. According to their novel method,
unit labour costs of manufacturing exports decreased
by a quarter during 1995 and 2007. Based on these findings, they claim that the real increase in German price
competitiveness is higher than measured by OECD data
for total economy unit labour costs. According to the
authors, the enormous decrease in production cost “[…]
has been the main reason for Germany’s economic success over the last decade.” (Dustmann et al., 2014, p.168).
Our paper replicates their calculations and discusses
the novel approach in detail. We try to show that the
approach is not fully convincing. Conducting a full
input–output-analysis based on consistent IO data leads
to estimates of unit labour costs in the manufacturing sector that do not differ in a relevant way from total
economy unit labour costs. Given the delay in availability of IO data, we therefore recommend to stick to total
economy unit labour costs for cost competitiveness
considerations.
The next Sect. 2 will first summarize pros and cons of
sectoral unit labour costs, before presenting the method
for calculating these costs in Sect. 3, where we contrast
our approach with the one used by Dustmann et al.
(2014). Section 4 presents the findings, contrasting the
authors’ findings for the period 1995–2007 with our
results. Section 5 discusses the underlying differences
and implicit assumptions.. Section 6 replicates the calculation of manufacturing sector unit labour costs corrected for imported inputs and inputs from other sectors
for the period 2000–2016. The findings are supposed
to stress the result that total economy unit labour costs
are an adequate indicator for unit labour costs of the
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exporting manufacturing sector. This period also allows
for a refined correction of price developments. The last
Sect. 7 concludes, pointing to the advantages of total
economy unit labour costs.

2 Background: total economy versus sectoral unit
labour costs
While relative unit labour costs can be shown to be
relevant for cost competitiveness of exports, several
authors discuss the appropriateness of sectoral over total
economy unit labour costs: Total economy wages would
include public sector as well as wages from private sectors like the services sector. Consequently, total economy
unit labour costs are not always considered as adequate
for determining the cost competitiveness of the export
industry. The Bundesbank shows that for the peripheral
euro area crisis countries the main driver of unit labour
cost increases was mainly high public sector wages, not
private sector ones (see Deutsche Bundesbank, 2016b).
Similarly, Gaulier and Vicard (2012) stress that wage
developments in non-tradable sectors (instead of exportoriented manufacturing sectors) triggered the overall
increase in unit labour costs and prices in exports of
peripheral euro area countries.
The “compendium on the diagnostic toolkit for competitiveness” argues that “measuring price competitiveness based solely on unit labour cost (ULC) developments
risks conveying misleading signals” (Karadeloglou &
Benkovskis, 2015, p. 4). In times of increasing internationalization of trade, even wage and unit labour costs
developments for individual sectors may be inappropriate as they hide inter-firm differences. Barba Navaretti
et al. (2016) show that average productivity developments
may mask very different distributions of company productivity, regarding the length of the tails and the skewed
nature of the distribution. In addition, non-price competitiveness may be just as relevant (Karadeloglou & Benkovskis, 2015).
Yet, recent studies find a statistically significant effect
of REER based on total economy unit labour costs in
estimations for export developments (see Leigh et al.,
2017 for a sample of 60 advanced and emerging market
countries; Deutsche Bundesbank, 2016a for a sample of
20 advanced countries with a focus on Germany). Dustmann et al. (2014) stress that total unit labour costs even
overstate cost developments of the exporting manufacturing sector in Germany. The authors try explicitly to
calculate adjusted unit labour costs for German exporting industries, only including those manufacturing segments where export shares are above 25%.
Their approach is partly motivated by wage cost differences between the manufacturing and the services
sector: Labour costs for the manufacturing sector in
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Fig. 1 Development of inputs relative to output (production value) for the German Manufacturing sector since 1995, 1995 = 100. Inputs relative
to production value (“end product”); imports from Central and East European countries include those from Turkey and Russia; for further details see
Appendix 1, 3, and Albu (2018). Source: Intercountry Input–Output Tables from World Input–Output Database, Release 2013 for the years 1995 to
2007; own calculations; 1995 = 100

Germany have been much higher than for the services
sector, in contrast to most other euro area countries (see
Logeay et al., 2011; Hartwig & Krämer 2017). The cost
difference between the two sectors is highest in Germany
and amounted to about 20% during the 2000s (HerzogStein et al., 2015, p.7). Consequently, any outsourcing of
activities to the services sector should lower wage costs
of production in the manufacturing sector.
Yet, as we will show below, the correct procedure by
which interlinkages between manufacturing and service
sectors are included is quite complicated. Yet, in the following, we stick to the overall manufacturing sector
instead of the exporting manufacturing sector, as the difference in unit labour costs is negligible (see Appendix 3,
Fig. 6).
In order to exactly determine the wage-cost-relief effect
for the German manufacturing sector through the use
of domestic inputs from the services sector, Albu (2017)
uses an input–output analysis. By taking the interdependence between the manufacturing sectors into account,
the approach allows to measure and compare the overall labour costs of each final product, directly accounting
for compensation of employees in production according
to the different sectors. As the data provides information
on wage costs per person in different production stages,
a hypothetical value for macroeconomic labour costs can
be calculated by statistically aligning the distribution of
working hours of all production areas and their hourly
wages with the distribution of working hours and hourly
wages in manufacturing. Ludwig (2013) and Albu (2017)

correct for the differences in full-time and part-time
shares between the manufacturing and the services sector. Albu (2017) finds a wage-cost relief effect for the German manufacturing industry through the procurement of
domestic services of between 8 and 10%. Albu (2017) and
Ludwig (2013) concentrate on direct and indirect labour
costs effects, not unit labour costs.
Next to inputs from the services sector, imported
inputs are another factor to correct for. The global trend
towards greater world trade integration via global value
chains, export processing, and other forms of trade
integration also affects production in Germany, and as
a result, exports. The contribution of imported inputs
to value added of exports and imports for re-exports
increased from 30% in 1995 to about 44% in 2006
(Loschky & Ritter, 2007, p.485).
Imported intermediate products in manufacturing
output increased from 1995 to 2007 by 70%, as Fig. 1
shows. Imports increased especially from Central and
East European countries (including Turkey and Russia). Consequently, total German domestic inputs have
decreased during the same time, but still amount to
about 66% of overall total inputs in 2007 (Albu 2018).1
Ignoring inputs from other sectors and from overseas
would indeed distort true unit labour costs in manufacturing, as Dustmann et al. (2014, p.173f ) rightly state. We
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therefore correct for it when calculating unit labour costs
in manufacturing.

3 Method: Measuring unit labour costs
of the export industry
Our paper replicates the approach by Dustmann et al.
(2014): We calculate unit labour costs of the manufacturing sector based on a full input–output analysis, taking into account inputs from other domestic sectors and
imported inputs. The standard calculation for sectoral
unit labour costs (i.e., manufacturing labour costs) is
gross wages and salaries plus social security contributions
from employers in the (manufacturing) sector divided by
persons employed (or hours of employment), in relation
to productivity per person (or per hour) in that sector.
Productivity per person (or per hour) is measured by real
manufacturing gross value added divided by employment
in persons (or hours) or labour force in that sector.
We try to stay as close as possible to the method used in
Dustmann et al. (2014), yet, we stick to conventions: We
calculate nominal unit labour costs for the manufacturing sector. We fully correct for interlinkages with other
domestic sectors and for imported inputs by an input–
output analysis, thereby focusing on value added of this
sector. Calculations for unit labour costs in the German
manufacturing sector that account for inter-sectoral linkages and imported inputs are based on national accounts
data from the German statistical office (Destatis) and
Intercountry Input–Output tables (WIOD), Release 2013
for the years 1995 to 2007, complemented by own calculations (see below). If necessary, we provide additional
information on the data used in figures (see sources) and
in appendices.
The authors use a simplified calculation for the tradable manufacturing sector (see additional materials for
Dustmann et al. 2014 in the Online-Appendix, Figure 4
and Table A2). For the means of comparison between the
Dustmann et al. (2014)-version of unit labour costs and
our calculations, we mirror the authors’ approach, but in
contrast to Dustmann et al. (2014) we are using the methodologically consistent data provided by an input–output
analysis (Albu 2018). Details will be explained below.
Dustmann et al. use a novel approach of calculating
sectoral unit labour costs. We will try to explain the relevance of each particular assumption. While each particular step may have limited effects on calculated cost
developments, the combination strongly affects the final
result. As already explained, Dustmann et al. (2014) concentrate on the export-orientated manufacturing sector (those segments of the manufacturing sector with
an export share above 25%), but any difference with the
total manufacturing sector regarding unit labour costs is

N. Albu et al.

negligible (see Appendix 3, Fig. 6). Consequently, we will
concentrate on showing the effects for the whole manufacturing sector.
Particularities involve the following:
• The calculation for the “end product” instead of for
the “value added”,
• The calculation of “real” instead of “nominal” unit
labour costs
• An inadequate correction for imported inputs by
relying on coefficients for imported inputs instead of
using global interlinkages
• An incomplete correction for inputs from other
domestic sectors
• Usage of different data for numerator and denominator
Mostly, the effect of each of the particularities on the
final cost-relief estimates is comparatively small. However, the use of real unit labour costs instead of nominal
ones has an important effect on final cost-relief calculations. Furthermore, the largest effects arise from the
usage of “end product” instead of “value added” and from
the adjustment for inputs from other domestic sectors.
The authors motivate the concentration on unit labour
costs for the “end product”, instead of “value added”, by
arguing that this is important for correcting for inputs
from other sectors as well as including imported inputs
(Dustmann et al., 2014, pp.173–4). Yet, the corrections
seems to be incomplete and inconsistent, as we will show
below.

4 Results for the period 1995–2007
Figure 2 shows the effect of three differences to their
approach: (1) We calculate unit labour costs for the value
added instead of for the “end product”, as this is the common indicator. (2) We use a full input–output-analysis
based on the corresponding global IO-data in order to
fully correct for interlinkages with other sectors.2 (3)
We include all relevant wage costs. In order to be able to
compare only these effects with their approach, we show
the outcome for real unit labour costs (even though nominal costs are the relevant factor for cost competitiveness). The development we calculate is depicted by the
interrupted line “Real Unit Labour Costs Total Manufacturing Global Interlinkages”. As one can see in Fig. 2, real
unit labour costs for this sector decrease in our approach
by only 12%, not by a quarter as in their publication. In
2

Based on this approach, we do not only correct for the cost-relieving effect
of imported inputs and inputs from other sector. This approach also takes
into account that intermediate goods from the service sector may contain
imported inputs.
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including domestic and global interlinkages based on IO-analysis, 1995 = 100. Real Unit Labour Costs Total Manufacturing Domestic Interlinkages
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Figs. 2 and 3, the bold line “Dustmann et al. (2014) [Real]
Unit Labour Costs: ‘End product’ based on IO coefficients” always represents unit labour costs of the exporting manufacturing sector as calculated by Dustmann
et al. (2014): in real terms, for the “end product”, and
based on IO coefficients in order to account for inputs
from other sectors.

struction. As a result, it is not surprizing that the
unit labour costs for the end product calculated by
Dustmann et al. decrease.
iii. The authors try to account for inputs from other
sectors. Yet, instead of conducting a full IO analysis for the unit labour cost index, required from a
methodological point of view, they use the coefficients of the inverted IO-matrix for including wage
costs from other sectors. This approach does not
correctly account for all interlinkages and economies of scope and, in particular, does not correct
for differences in the share of part-time workers
between sectors. The latter has a significant influence on the calculation of the cost advantages of
the German industry relative to the industries of
other countries in the use of cost-effective inputs
from the services sector, as Ludwig (2013) and
Albu (2017) show.
iv. The authors miss this redistribution in the denominator because no IO coefficients were used. The
assumption that the end product contains the value
added shares of the purchased intermediate consumption is only partially correct, since the deductions of value added for use of other intermediate
consumption were not taken into account. This is
particularly the case for the export-strong industries, since finished parts are exported in order to
be reused.
v. Furthermore, Dustmann et al. justify the decision
to measure unit labour costs on the basis of the
industrial end product by the fact that not only
upstream inputs from Germany but also those
from abroad are to be included, since the production value includes all imports (Dustmann et al.,
2014, p.176). In principle, nothing would stand in
the way of the inclusion of imported intermediate
inputs, especially as these have increased sharply
over the period under study, especially imports
of German manufacturing from Eastern Europe
(Albu, 2018). However, the linkages with other
countries are absent in the indicator Unit Labour
Costs: "End Product", since the IO coefficients of
Destatis used by Dustmann et al. in connection
with the production value (Dustmann et al., 2014,
Appendix B, Table A2) refer only to domestic production, excluding imports, and therefore do not
offer weights for foreign inputs to production. In
order to correctly account for imported inputs, the
authors should have used global intercountry IOtables, provided e.g., by WIOD.3 Figure 2 shows

5 Discussion of results for the period 1995–2007
We judge the usage of IO coefficients for imported intermediate products instead of fully accounting for global
interlinkages based on an IO-analysis and data sources as
suboptimal due to the following reasons:
i. Usage of inconsistent data: While the authors use
output variables from the Federal Statistical Office,
they do not complement it with the consistent sectoral labour cost data available for this purpose for
their IO calculations, but use instead data from
the Sample of Integrated Labour Market Biographies (SIAB), coupled with IO coefficients (see
Dustmann et al., 2014, Appendix B, Table 2a). The
SIAB is a 2 percent random sample drawn from the
Integrated Employment Biographies (IEB) of the
Institute for Employment Research (IAB). By using
this data set, several distortions occur: The specific
development in East Germany is ignored and the
changes in employers’ social security contributions
are not taken into account. Contrary to the authors’
statement (Dustmann et al., 2014, p.171), the
increasing wage spread in individual sectors cannot have any influence on the calculation of unit
labour costs, as only average labour costs per capita
are used for this purpose. In order to avoid these
problems, we use instead national accounts data for
Germany (including East Germany and employers’
social security contributions).
ii. The authors calculate unit labour costs for the “end
product” but only include domestic cumulative
inputs (based on domestic IO coefficients), losing
intercountry interlinkages. This methodological
shift accounts for about 15 percentage-points difference of the final decrease in costs (see the dotted
line “global Interlinkages” for the corrected value
added approach that at the same time corrects for
global interlinkages with other countries/sectors
versus the bold line for Dustmann et al. (2014) “end
product” in Fig. 2). This approach implies ignoring
the wage costs incorporated in the imported inputs
but using overall output at the same time. Given
that imported inputs increased over the period
studied by the authors, this approach generates a
negative trend in the calculated indicator by con-

3

WIOD provides an intercountry-Input–Output Table for the years 1995 to
2011 and 2000 to 2014.
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that the use of input coefficients stemming from
global IO-tables for interlinkages and economies of
scope would have led to a different development of
unit labour costs including domestic interlinkages:
lower in the second half of the 1990s and almost
identical in the 2000s.
In contrast to the authors, we stick to calculating nominal unit labour costs that we deem more appropriate for
measuring cost competitiveness. That the authors calculate real unit labour costs is a consequence of having
nominal values for wages and salaries in the numerator
and nominal values for output in the denominator, by
using the nominal “end product” instead of real value
added and IO coefficients of Destatis based on input–
output tables with nominal values. If the indicator
reflected total economy unit labour costs, it would serve
as an indicator for income distribution (measuring the
wage share of GDP in real terms), instead of an indicator
for nominal costs per unit of output.4 While they argue
that the difference between real and nominal unit labour
costs is negligible, we show below that this difference
amounts to about 10 percentage-points for the manufacturing sector and cannot be ignored (see Appendix 3,
Fig. 9).
Correctly accounting for interlinkages stemming from
intermediate inputs from other sectors, nominal unit
labour costs even increase in the period from 1995 to
2007, since productivity in the services sectors is lower
than industry’s (Fig. 3). The overall lower productivity development resulting from the interlinkages with
the services sector increases both real and nominal unit
labour costs, i.e. irrespective of whether the production
value or gross value added is used as the denominator
in the calculation of productivity. This explains the surprising result that the inclusion of services sector inputs
increases unit labour costs, due to the lower productivity
in this sector. Yet, this effect might be overrated because
the higher share of part-time workers in the service sector in fact lowers the measured productivity increase in
this sector (Albu, 2017).
Ultimately, the authors’ idea of including the interlinkages between the different sectors leads to a result
in which the unit labour costs of industry, including the
interlinking effects using the IO-methodology, show
no decline at all in the period under consideration (line
“Nominal Unit Labour Costs Total Manufacturing

4

As the indicator only refers to the manufacturing sector, it cannot be considered as an indicator for income distribution.
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Domestic Interlinkages ‘Value Added’” in Fig. 3) and
are thus closer to unit labour costs of the total economy
(line “Nominal Unit Labour Costs Total Economy ‘Value
Added’” in Fig. 3).5
Based on this criticism, we think that the approach
used by Dustmann et al. (2014) is not convincing and
heavily understates true cost developments in the (tradable) manufacturing sector. Figure 2 demonstrates
the effects of particularities in the approach by Dustmann et al. (2014): The use of “end product” instead of
“value added” decreases unit labour costs by more than
10 percentage-points. Concentrating on real unit labour
costs instead of nominal unit labour costs, adds another
10 percentage-points (see Fig. 9 in Appendix 3).
We agree with Dustmann et al. (2014) and Deutsche
Bundesbank (1998, 2016a) that unit labour costs for the
manufacturing sector are not a good indicator for the
competitiveness of the German manufacturing export
sector, as this indicator would ignore lower cost inputs
from the service sector and from abroad. Yet, the replication of Dustmann et al. (2014) and the necessary
corrections show that their particular approach is not
convincing and overstates the decline. An indicator for
nominal unit labour costs in manufacturing based on
consistent IO coefficients and consistent data sources
would even indicate increasing costs (see Fig. 4).

6 Robustness check for the period 2000–2016
In addition to the computation of nominal labour costs
in manufacturing including domestic interlinkages based
on a price index deflation (Albu 2018), we replicate the
indicator using a refined measure (Albu, 2020) including
two methodological differences with regards to the computation in Fig. 3: firstly, the price deflation used is based
on a chain index deflation of the value added (denominator); secondly, the interlinkages computed are based on
supply-use tables for industry classification (see Fig. 10 in
Appendix 3).

5

The increase of nominal unit labour costs for the total manufacturing industry including domestic interlinkages compared to the base year seems to be
overestimated by about 10 percentage points in 2007 (as the gap between the
development of real and nominal unit labour costs without interlinkages only
makes up for about 10%. This can be seen in figure A4 in appendix III). The
calculated increase is mainly due to the partial unavailability of price indices
for the respective period, especially for the service sectors (see Albu, 2018).
Discounting the 10 percentage points difference from the nominal unit labour
costs including interlinkages would a) decrease the gap in figure A6 (appendix
III) to still about 25 percentage points between the nominal unit labour costs
with interlinkages and Dustmann et al. (2014) adjusted version of the former
and b) change the line “Nominal Unit Labour Costs Total Manufacturing
Domestic Interlinkages ‘Value Added’” to be closer to unit labour costs of total
economy (line “Nominal Unit Labour Costs Total Economy ‘Value Added’”)
in Fig. 3.
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Fig. 4 Different Measures, Concepts and Deflation Methods of ULC. For further details see Appendix 1, 2, 3 and Albu (2018, 2020). The nominal
unit labor cost total manufacturing domestic interlinkages “Value Added” (deflation based on chain index, Albu 2020) has been computed via
IO-modelling in Albu (2020) for the years 2000, 2005, 2010, 2013, 2015 and 2016. All points in between are estimates based on averages for
graphical purposes. Source: For both series ending in 2007, see source Fig. 3. For the series running up to 2016: Federal Statistical Office, National
Accounts, Input–Output Accounts, Fachserie 18 Reihe 2, Input–Output-Tables (IOT) at basic prices of domestic production. Federal Statistical Office,
National Accounts, Detailed Annual Results, Domestic Product Calculation, Fachserie 18 Reihe 1.4, 2018 edition

Figure 4 shows a level difference between the trend
of the computation based on the price index deflation
(Albu, 2018) and the computation based on the chain
index deflation (Albu, 2020). Despite the level difference,
which is mainly due to the deflation methods, neither of
the two above-described computations of the indicator
decreases within the period between 2000 and 2007 as
does the indicator computed by Dustmann et al. (2014).
We strongly believe that the methodological differences
in the computation of the IO coefficients are the main
source for the discrepancy.
As we replicate our calculation for the period 2000–
2016 using a chain index deflation for industry classification, we are able to increase the data quality of the
productivity of outsourced inputs to the services sector.
For this period, the German Federal Statistical Office
offers better price deflators for the services sector. Figure 5 shows that correctly and consistently calculated
unit labour costs for the manufacturing sector develop
closely to total economy unit labour costs.
Competitiveness is a relative concept. The calculated indicator is only informative if it is available for
more countries than only Germany. As the share of

manufacturing exports differs between countries, sectoral unit labour costs would have to be calculated
matching the respective export composition. It would
be required to include the cost effect resulting from the
interdependence of inputs with other domestic sectors.
According to Deutsche Bundesbank, an ideal indicator “should draw on internationally comparable statistical data, be calculated for all countries using the same
method, capture all internationally tradable goods as
well as the factors required for their production, comprehensively represent the price and cost situation and
be available in near time.” (Deutsche Bundesbank 2016a,
pp. 14–15). As one can see from the replication, correctly
calculating the cost of manufacturing exports is time
consuming, and subject to difficulties in measuring productivity and price indices in the service sector. In addition, it would imply long time lags because of the delay
in data provision, which is violating the requirement of
availability in near time.
We therefore suggest relying on total economy unit
labour costs as an indicator for national cost competitiveness because of fast availability; this indicator would then
have to be corrected by exchange rate changes and can
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Fig. 5 Total economy unit labour costs vs. manufacturing unit labour costs including domestic interlinkages and imported inputs for the period
2000–2016. For further details see Appendix 2 and Albu (2020). The datasets for the nominal unit labour cost total manufacturing domestic
interlinkages “Value Added” (deflation based on chain index, Albu 2020) as well as the nominal unit labour cost total economy “Value Added”
(deflation based on chain index, Albu 2020) have been computed via IO-modelling in Albu (2020) for the years 2000, 2005, 2010, 2013, 2015 and
2016. All points in between are estimates based on averages for graphical purposes. Federal Statistical Office, National Accounts, Input–Output
Accounts, Fachserie 18 Reihe 2, Input–Output-Tables (IOT) at basic prices of domestic production. Federal Statistical Office, National Accounts,
Detailed Annual Results, Domestic Product Calculation, Fachserie 18 Reihe 1.4, 2018 edition. See sources for price deflation for the series 2000–2016
in Fig. 4

more easily be compared to unit labour costs developments of trading competitors. Yet, we only concentrate
on Germany. Showing the adequacy of total economy
unit labour costs for other countries’ exports has to be
left for future research.
Our finding for Germany is in line with the findings of
Deutsche Bundesbank:
“… there is some evidence to suggest that indicators
based on broadly defined price and cost indices may
be capable of modelling price competitiveness more
appropriately than more narrowly defined indices,
since the latter capture price and cost developments
only in some subsectors of the domestic economy.
For example, indicators based on unit labour costs
in manufacturing, which were once in widespread
use, cover only one part of relative cost developments. This is not necessarily representative of overall cost developments in the German economy and
can therefore easily lead to distortions and misinterpretations. Price and cost indices that focus on
macroeconomic variables avoid this disadvantage.”
(Deutsche Bundesbank, 2016a, p. 13).

Given these arguments, we recommend the use of total
economy unit labour costs developments.

7 Conclusions
Cost competitiveness of exports is often measured by
NEER developments corrected by unit labour cost developments of relevant trade partners. Since the introduction of the euro, the focus lies more on relative unit
labour cost developments than on exchange rate developments. Some authors consider the relatively low-cost
developments in Germany as the key element behind
German export success. Dustmann et al. (2014) go even
further by claiming that total unit labour costs would
even hide the relative cost advantage. They claim that
unit labour costs for manufacturing exports are relevant,
taking into account low costs inputs from the services
sector and from abroad. In order to measure the costs,
they develop a new approach, according to which “true”
unit labour costs decreased by 25% between 1995 and
2007.
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Yet, the new approach for sectoral unit labour costs
from Dustmann et al. (2014) does not stand up to closer
scrutiny. Replicating their results with the help of IO
analysis and discussing the implicit assumptions, we
show that this indicator is methodologically extremely
problematic and clearly exaggerates Germany’s competitive strength. Using consistent data and consistent
IO coefficients, and sticking to standards, we show that
nominal unit labour costs of the manufacturing sector, corrected for inputs from services sector and from
abroad, even increased slightly during the period under
study, 1995 to 2007.
We additionally calculate unit labour costs in manufacturing for the period 2000 to 2016, and again correct
for imported intermediate products as well as for inputs
from other domestic sectors. For this period, available
data allows for a better correction of price developments.
As we show, corrected sectoral unit labour costs closely
match the ones for total economy.
Yet, this approach is highly time consuming and would
have to be conducted for all trade partners. As IO data is
only published with delay, we recommend instead using
total economy unit labour costs as a competitive indicator, as this takes the effects of low wages and productivity
in the German service sector into account in a methodologically sound way and is available on a timely basis. This
finding is in line with recommendations from Deutsche
Bundesbank (1998, 2016a). Replications for other countries require further research.

Appendix 1
Sources for price‑adjustment for the period 1995–2007

Figures 2 and 3 show the change in nominal unit labour
costs of the German manufacturing sector with domestic
interlinkages based on price index deflation. The following statistics used for the price index deflation are provided by the German Federal Statistical Office:
• Producer price indices of agricultural products: Germany, years, Fachserie 17 Reihe 1, Price indices for
agriculture and forestry;
• Producer price indices of products of logging from
state forests: Germany, years, Fachserie 17 Reihe 1,
Price indices for agriculture and forestry;
• Index of producer prices of industrial products: Germany, years, goods index (GP 2009), Fachserie 17
Reihe 2, Prices and price indices for industrial products (producer prices);
• Consumer Price Index: Germany, years, Classification of Individual Consumption Purposes (COICOP), Fachserie 17 Reihe 7;
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• Construction price indices: Germany, years, Fachserie 17 Reihe 4, Price indices for the construction
industry;
• Wholesale price index: Germany, years, economic
activities (WZ 2008), Fachserie 17 Reihe 6;
• Index of retail prices: Germany, years, economic
activities (WZ 2008), Fachserie 17 Reihe 7;
• Producer price indices for transport and logistics
services: Germany, years, economic activities (WZ
2008), Fachserie 17 Reihe 9.2;
• Producer price indices for business-related services:
Germany, years, economic activities (WZ 2008);
For the price adjustment of gross value added, production values, as well as gross fixed capital formation, we
used the price-adjusted chain indices from the Federal
Statistical Office, National Accounts, Detailed Annual
Results, Domestic Product Calculation, Fachserie 18
Reihe 1.4, 2016 edition.

Appendix 2
Data and sources for price‑adjustment for the period
2000–2016

Figures 4 and 5 show the change in nominal unit labour
costs of the German manufacturing sector with domestic interlinkages compared to those of the economy as a
whole. The sources used for the computation of the indicator based on chain index deflation are provided by the
German Federal Statistical Office:
• Federal Statistical Office, National Accounts, Input–
Output Accounts, Fachserie 18 Reihe 2, Input–Output-Tables (IOT) at basic prices of domestic production.
• Federal Statistical Office, National Accounts,
Detailed Annual Results, Domestic Product Calculation, Fachserie 18 Reihe 1.4, 2018 edition.
The different datasets described above capture the
institutional delineation (industry classification with
regards to product classification) of manufacturing for
the indicator’s nominator, i.e., nominal compensation
of employees, and its denominator, i.e., real gross value
added, by economic sector. This delineation is in line
with the base tables, i.e., the supply and use tables, used
to calculate domestic interlinkages as presented by Lenzen and Rueda-Cantuche (2012). The use and supply
tables are not subject to price deflation within this computation. We deflated gross value added values by sectors
using chain-linked indices from “Fachserie 18 Reihe 1.4”.
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Fig. 6 Real manufacturing unit labour costs for the end product. For further details see Albu (2018). Source: Federal Statistical Office; National
Accounts, Input–Output-Rechnung, Fachserie 18 Reihe 2, Input–Output-Tables (IOT) at basic prices of domestic production for Germany for the
years 1995 to 2007 inclusive; own calculations; 1995 = 100

Appendix 3
Detailed results for the period 1995–2007

Figure 6 shows the difference between a methodological inconsistent curve, i.e. Dustmann et al. (2014) [Real]
Unit Labour Costs: “End Product” based on Input–Output coefficients and SIAB panel wage cost data, and a
methodologically correct curve, i.e. Real Unit Labour
Costs Tradable Manufacturing Domestic Interlinkages
“End Product”. The aim of this figure is first to show
that a correct calculation of domestic inputs (leaving
all other particularities aside) would change the development of unit labour costs mainly during the period
of the second half of the 1990s. Second, as the dotted
and dashed lines are quite similar, the figure also tries
to exemplify that unit labour costs for the entire manufacturing industry do not differ in a relevant way from
those of the exporting industry (“Tradable Manufacturing”), if measured by export shares above 25%.
It is important to note that the correct incorporation
of domestic interlinkages combined with the correction
for the other peculiarities (real instead of nominal values, end product instead of value added) leads to rather
important changes in developments of unit labour costs
(see below, especially A6).

Calculating unit labour costs for the end product
instead of for value added makes a huge difference (of
about 20 percentage-points in 2007). This can be seen
in Fig. 7.
Accounting for sectoral inputs by using the inverted
IO-coefficients based on Destatis for domestic production (as in Dustmann et al., 2014), instead of IO-coefficients that account for imported inputs from global
tables, changes the development of unit labour costs
(see Fig. 8). In contrast to Figs. 6, 8 shows the changed
development for domestic and foreign inputs (“Global
interlinkages”).
Calculating nominal instead of real unit labour costs
makes a huge difference (of about 10 percentage-points
in 2007). This can be seen in Fig. 9.
Calculating nominal instead of real unit labour costs
for value added instead of for the end product PLUS correctly including domestic interlinkages (domestic inputs
from other sectors) leads to even increasing unit labour
costs for the manufacturing sector (see Fig. 9).
See Fig. 10 and Fig. 11.
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Dustmann et al. (2014) [Real] Unit Labor Costs: "End Product" based on IO coefficients
Fig. 7 Manufacturing unit labour costs for the end product vs. for value added. For further details see Dustmann et al. (2014). Dustmann et al., 2014,
Appendix B Table A2; Federal Statistical Office; National Accounts, Input–Output-Rechnung, Fachserie 18 Reihe 2, Input–Output-Tables (IOT) at basic
prices of domestic production for Germany for the years 1995 to 2007 inclusive; own calculations; 1995 = 100
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Dustmann et al. (2014) [Real] Unit Labor Costs: "End Product" based on IO coefficients
Fig. 8 Manufacturing unit labour costs based on correct IO-coefficients. For further details see Albu (2018). Dustmann et al., 2014, Appendix B
Table A2; Intercountry Input–Output Tables of World Input–Output Database Release 2013 for the years 1995 to 2007; own calculations; 1995 = 100
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Fig. 9 Nominal versus real manufacturing unit labour costs for value added. For further details see Albu (2018). Federal Statistical Office; National
Accounts, Input–Output-Rechnung, Fachserie 18 Reihe 2, Input–Output-Tables (IOT) at basic prices of domestic production for Germany for
the years 1995 to 2007 inclusive; the price-adjusted chain indices from the Federal Statistical Office, National Accounts, Detailed Annual Results,
Domestic Product Calculation, Fachserie 18 Reihe 1.4, 2016 edition; own calculations; 1995 = 100
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Fig. 10 Nominal versus real value added industry versus product classification. Federal Statistical Office; National Accounts, Input–
Output-Rechnung, Fachserie 18 Reihe 2, Input–Output-Tables (IOT) at basic prices of domestic production for Germany for the years 2000 to 2007;
Federal Statistical Office, National Accounts, Detailed Annual Results, Domestic Product Calculation, Fachserie 18 Reihe 1.4, 2018 edition.; own
calculations; 2000 = 100
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Dustmann et al. (2014) [Real] Unit Labor Costs: "End Product" based on IO coefficients
Fig. 11 Nominal versus real manufacturing unit labour costs for value added including domestic interlinkages. Notes: for further details see
Albu (2018). Source: Dustmann et al., (2014); Federal Statistical Office; National Accounts, Input–Output-Rechnung, Fachserie 18 Reihe 2, Input–
Output-Tables (IOT) at basic prices of domestic production for Germany for the years 1995 to 2007 inclusive; own calculations; 1995 = 100
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