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Abstract

This paper examines the impact on productivitynesteés for Denmark from two

important assumptions behind the user-cost exmmessihe first assumption

concern whether one should include tax variablethénuser-cost expression or
not. The second assumption regards the impacting as exogenous rate of return
on capital goods versus using an endogenous one.

The Danish results show that these assumptions dasmther strong influence on

the productivity estimates. The international regjohs and recommendations are
rather weak concerning how one should do capitgloaating and estimate

productivity growth. Thus, there’s a need for marelysis across countries and
better international guidelines for how one shalddyrowth accounting in practice

based on national accounts data.



1. Introduction

Recently, Statistics Denmark has published a report Danish productivity
measurements for the period 1966 to 2003, cf. Bartk Sgrensen (2005). The
aim of the growth accounting project was to estertae productivity growth and
decompose it into growth stemming from capital ésepg, labour and total factor
productivity within 58 Danish industries. The cdations were based on national
accounts data and followed the approach in Jorgeasal. (2002)

Danish productivity estimates show that assumptiand estimation methods
affect the empirical results to a large extenttHa Danish case the most crucial
assumptions are laid on user-cost expressions., Thaspresent paper examines
the impact on productivity measures of two impartassumptions concerning
whether

1. tax variables should be included in the user-cegtassion.
2. the rate of return should be exogenous or endog&nou

Hopefully, sensitivity studies of the effect of #egetwo assumptions can contribute
to the ongoing debate on how to do growth accogntin practice based on
national accounts data.

The rest of this paper is organised as followsti&e@ introduces the theoretical
framework that forms the basis for the Danish pobidity estimates. In section 3
the four sets of user-costs considered in thisystwd described in section 3 and we
point out how different assumptions affect the mea®f gross operating surplus.
Section 4 is devoted to empirical results for thieole marked-based economy,
while section 5 presents industry-specific estimatéinally, a brief discussion
along with some recommendations for future workhis field is given in section
6.

2. Theoretical contents

Growth accounting is based on a theoretical madblch includes a number of
assumptions for the economy. The assumptions yndgrtapital accounts and
user-costs play a crucial role for the decompasitid the overall productivity

growth into labour productivity growth stemming rinccapital services, labour and
total factor productivity (TFP).

! For a detailed description of the methodology behhe calculations, see Bonde and
Sgrensen (2005, written in Danish).

2 That is whether user-costs should be calibratettiswalue of the capital services equals
the gross operating surplus.



2.1 Production function, value added and labour ghactivity growth

The starting point is taken using a production fiomg where productiony, is a
function, F, of total capitalK, total labourL, and raw materials, energy etX.,A
measures TFP. The production function for the ttahomy is given by

2.1 Y =F(AK,L, X) = ALF(K,L, X)

The assumptions behind 2.1 are:

» Constant returns to scale, which implies that tital tproduction can be
increased by using more of the production factoithaut changing the
proportion between them.

* Complete competition and profit-maximization, whighplies that the
production factors are paid by their marginal praidu

» Production factors are fully mobile.

Correspondingly, there exists a relation betweengitowth in the value-addew,
and the production factors plus the total factoodpictivity. For the whole
economy this relation is given by

2.2 VvV =f(AK,L)

By total differentiation and using the assumptionsntioned above this can be
rewritten to

2.3 AV = v, AK +v AL +AA

where v, and v, weights the contributions from capital respecgvédbour.

Basically, 2.3 says that economic growth stems finohuding more capital or
labour in the production process or by increasing TFP. Note that TFP is
determined residually, since the other three véggain 2.3 are relatively easy to
determine using national accounts data.

Labour productivity can be determined as
2.4 LPy =G(k,Q_, Ao,

where LR, is a chained index for labour productivity a@(k,Q ,A),, is the

product of a chained index for total factor conitibn, given by capital deepening,
k, and labour quality,QL, and a chained index for the aggregated TFP. By

differentiation of 2.4, labour productivity growttan be split up by the causes of
growth

25 ALP = v, Ak +Vv, AQ, +AA

2.2 Industry-specific and aggregated TFP

For each industrythe production function can be written as
2.6 Y, =A[F (KL, X))

An index for the total factor productivity can bediiced as the relation between an
index for the production value and an index fortthtal factor contribution:

Y

j.ot

2.7 A o =
F, (KL, X))o




where, ,, denotes a chained output index from period O teoge in industryj,

and whereF, ;. is a chained index for the total factor contribati A description

of how Statistics Denmark estimated the total facontribution in practice is
given in Bonde and Sgrensen (2005).

The method used for the aggregating total factodpctivity indexes in each of the
industries is developed by Jorgenson et al. (198%hng this method we assume
that:

» For each industry there exists a production fumcliice 2.6.
» The production factors are identical functionstadit components.
* The price of each of the production factors is tamh across industries.

The relation between the aggregated TFP and THatet for the industries are
given as
2.8 A, =H(S, [A K L Do

reallocation, j * “reallocation, j

where A, is a Domar-aggregated chained index for TFP, oimér (1961).H ,,
is the product of the Domar-weighted index for TIH?A, and chained indexes

-between industries.

reallocation, j

-and labourL,

for reallocation of capitaK, .caion |

2.3 The influence of user-costs on TFP measures

The index for the total factor contribution in 4srestimated by weighing indexes
for capital, labour and intermediate consumptiogetber. The weights are based
on the size of the contributions to total factontibution from the return to
capital, wages and intermediate consumption.

The return to capital depends on user-costs, whigiven as:

2.9 Vieir = P K

where K, ;, is the index for capital services for industyyin periodt for capital

type k and P ;1 Is the user-cost. Moreover the return to capitalefach capital

type is used to estimate the index for capitalises/by weighing capital services
for each capital type together using weights basethe return to capital. Indexes
and weights for labour and intermediate consumpéion calculated in a similar
way.

Thus, user-costs determine how much capital sesvamntribute with in 2.6.
Everything else being equal this means that thgeftanser-costs are, the larger is
the share of productivity growth stemming from ¢alpservices and the less is the
share made up by TFP growth both in each indusidy far the economy as a
whole, see 2.3 and 2.6. That is, user-costs playuaial role in productivity
estimates since production, intermediate consumptiapital accounts, working
hours and wages are taken as given using nationalats data.

2.4 User-cost expression with tax variables

The user-cost expression used in Statistics Derimgroductivity estimates is
almost the same as in Jorgenson et al. (2002). Wewéne user-cost expression
has been modified to take account of the desigheDanish tax system. Thus the
user-cost expression is given as



1-7,7 .
2.10 Pekit = 1_IZ_'M [rk,j,tPI,k,j,t—l +dk,j,tPI,k,j,t]+Tp,tR,k,j,t—l
t

for industry j in periodt for capital typek *. The variablez, , denotes the present

value of the fiscal depreciations on the specifocls of capital. The present value
of the fiscal depreciations on the specific stotkapital is calculated based on the
rules of depreciation in the Danish law that dgfeamong capital types and
industrieS. Moreover one must take into account that someetsssan be

depreciated in advancé,,, is the tax rate on real property, is the corporation

tax rate, the economic rate of depreciation is tehyd, ;, and P, is an
implicit price index.

Note that implicit price indexes for two followingme periods are used in 2.10.
The idea is to reflect the price structure that tdoeporations had when they
decided on their investments. This methodologynidine with Schreyer et al.

(2003b). Implicit prices and inflation rates ardca#ated using national accounts
deflators based on net capital stock. The econoatéof depreciation depends on
the average lifetimes for the different capital dgp Thus the assumptions
underlying the capital stock calculations in théoral accounts affect user-costs.

The final variable in 2.10 is the rate of returntlive corporation sector, which is
given by

2.11 e it =B (1_Tt)it +(1_:3t)pt LR

where S, denote the debt shark, the interest rate of debt ang is the return on
net capital after taxes (per cenf), ; is the type- and industry-specific inflation

rate on capital inputs calculated with a knowlefigen the net stock in current and
fixed prices. The rate of return in the corporasi@ector is exogenous. Note that
OECD has chosen to use an exogenous rate of riettine corporations sector in
the productivity estimates as well, cf. OECD (200drad 2001b). Using an
exogenous rate of return implies a risk of obtajniregative user-costs in periods
characterised by high inflation rates. To take aotmf this, Statistics Denmark
has made corrections to ensure that the user-cespasitive in all years for all
capital types in all industries.

2.5 User-cost expression without tax variables

Without tax variables the user-cost expressioriviergby
2.12 Pakie = |_rk,j,tPI,k,j,t—l + 5k,j,tPI,k,j,t]

3 Statistics Denmark includes 10 capital types ahih8ustries.

* In Denmark, livestock, mineral exploration, era@rment, literary or artistic originals,
dwellings etc. are not qualified to a fiscal defaon sequence, which implies chMt

is zero for these capital types.



The user-cost expression in 2.12 is similar toahe OECD, among others, uses in
their estimates of productivity growth, i.e. Scheey2003a). Without tax variables
the rate of return in the corporation sector isregped as

2.13 rk,j,t = ﬂtit +(1_ﬂt )pt _nk,J,t

where g, is the return on net capital without taxes (pertce

2.6 Calibration of user-costs

The assumptions behind the production function iespthat GDP at factor cost are
equal to the payment of capital and labour, thusife whole economy one gets

2.14 RV, =P K, +P_jL,

For each industry this identity can be expressed as

2.15 ZPK,kyjyth,” =RV PRl
k

Lijt—jt

That is, the user-costs estimated from equatiof aré calibrated so the value of
capital services (the left hand side of 2.15) isaédqo the gross operating surplus
(the right hand side of 2.15). The idea of caliimguser-costs is that a part of the
GDP at factor cost is paid to labour and the restsgto the payment of capital
services. Moreover the calibration technigue erssuhat the identities of the

national accounts statistics hold. Below we wilbshhow calibration affects the

estimation results and discuss the use of therasilim method in further detalil.

Two things are worth noting. First, we have chosercalibrate the user-costs
rather than the wages in 2.15 since we believe tti@tDanish national accounts
data for working hours and wages are relativelycigee But from a theoretical

viewpoint one could have chosen to calibrate thgesanstead of keeping all other
variables in 2.15 fixed. Second, it is not necgssarcalibrate user-costs for being
able to do productivity estimates since one canosboto use the user-costs
estimated in equation 2.10 directly as weights.th 2

Statistics Denmark has chosen to follow the metlapgoin Jorgenson et al.
(2002) in their productivity estimates, i.e. usests are calibrated to the gross
operating surplus in the official Danish produdinvestimates.

3 Four user-cost scenarios

In order to analyse the effects on user-costs fiootuding (excluding) tax
variables and calibration (non-calibration) of usests to the gross operating
surplus, this paper examines four scenarios, $de 8al. Case A is the benchmark
case, i.e. user-costs that lay the foundation e@optioductivity estimates published
by Statistics Denmark. In case A, tax variablesiseckided and the value of capital
services are calibrated to the gross operatindusurfphe remaining three cases are
experimental.



Table 3.1 User-cost scenarios
|

With calibration Without calibration
With tax variables Case A (Benchmark) Case C
Without tax variables Case B Case D

From a theoretical viewpoint one cannot predict hoger-costs change as a
consequence of eliminating tax variables. Althotlgh effect from eliminating tax
variables on the rate of return in the corporasector is positive (see equation
2.11), the overall effect on user-costs will onéy/ginsitive if

1-1.z .

t 7K, )t ]t
3.1 rkrj?,_taxpl,k,j,t—l+5k,j,tPI,k,j,t >l——TJ rk,ajx,tPI,k,j,t—l+5k,j,tPI,k,j,t +Tp,tR,k,j,t—l
t

using equation 2.10 and 2.12. In equation 3.1 thExs‘tax” or “no-tax” denote
whether or not the rate of return in the corporaiector contains tax variables.

This finding is confirmed by the estimated usertsos table 3.2, where the

elimination of tax variables has different effeots user-costs for different capital
goods.

Table 3.2 Four user-cost scenarios — zear 2000

Types of Capital Case A CaseB Case C CaseD
Computers, hardware etc. ............................. 0,252 0,260 0,370 0,401
Other machinery and equipment ....................... 0,170 0,152 0,248 0,235
Transportequipment ...l 0,127 0,122 0,186 0,184
Dwellings ... ... 0,083 0,087 0,122 0,134
Non-residential buildings .............................. 0,088 0,093 0,129 0,143
Civil engineeringworks ............... ... ... 0,083 0,091 0,121 0,140
Livestock ....... ... 0,051 0,020 0,075 0,031
Computer software .............. ... .. ... 0,284 0,230 0,417 0,354
Entertainment, literary or artistic originals .............. 0,362 0,267 0,530 0,411
Mineral exploration ................. ... ... ... ... 0,120 0,087 0,176 0,134

Source: Statistics Denmark

In Case A and B user-costs are calibrjted the only difference is the exclusion
of taxes in case B. From table 3.2 it's obvious #amination of taxes has an
impact on user-costs no matter if user-costs ahbrated. Exclusion of taxes

implies that capital goods such as machineriegspart equipment and software
are relatively lower priced compared to computerdivare and buildings. Note

however that these results can be sensitive tgalieof comparison.

A comparison to case C and D in which user-costsumcalibrated show that
exclusion of taxes has a moderate effect on theedfiziser-costs. Thus calibration

®> The term “calibrated user-costs” mean that theevaficapital services, i.e. the sum of the
user-cost times the capital service for the cagibalds, are calibrated to the gross operating
surplus.



seems to affect the size of the user-costs more tha variables. Calibration
reduces the value of the user-costs with approxin®0 percent. This implies that
an estimation of the gross operation surplus @bfamst based on non-calibrated
user cost could be far from the published grossatjse surplu&

3.1 Gross operating surplus

Figure 3.1 shows the estimated gross operatioriusiripased on the four sets of
user-costs compared to the published gross opegratirplus. Case A and B are
identical with the published data as a consequehdtke calibration technique. A

comparison of case C and D with the benchmark caBeates that the user-cost
estimations are too high in general. In the eadyiqd up to the mid-1970s the
estimates are almost the same as in the benchraaek but afterwards the user-
cost estimates are too high.

Figure 3.1 Different estimations of gross operation surplus
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From a theoretical viewpoint one would expect thlug of the capital services in
the uncalibrated case to be smaller than the grpsesating surplus (figure 3.2).
This is due to the lack of valuation of some nonedpced assets in the Danish
national accounts.

Non-produced assets such as land (AN.211) and tedtemtities (AN.221) are not
yet implemented in the national accounts and theeefiot taken into account in
these productivity estimates. While Danish laboccoaints are well founded in
administrative data files, estimates of capitalisess and user-costs are much more

® Note that the value of capital services, i.e. tlma ®f user-costs times the capital services,
are equal to the gross operating surplus, seeiequafls.

" In this section gross operating surplus is acjugribss operating surplus minus wages and
salaries for self employed. Estimation of wages saddries are based on hourly wages for
employed persons. Since wages and salaries foesgdfoyed is identical in all cases, the

term gross operating surplus is used throughostghper.
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uncertain due to a number of assumptions suchragesdives, mortality functions
etc. A few years ago Statistics Denmark did a cefn@nsive analysis of the
assumptions in estimation of fixed capital inclugirservice live¥ The
examination included international comparisons astimations of service lives
based on administrative records. Thus, assumptionservice lives, mortality
functions etc. seem to be the main reason for dveréstimated” gross operating
surplus for Denmark. Nevertheless, Statistics Deknieas chosen to use their
capital accounts estimates (net capital stockpfoductivity growth compilations,
which are in contrast to OECD who uses efficiengg-grofiles for the capital
services, cf. OECD (2001b).

Figure 3.2 Estimated gross operation surplus - published and
hypothetical
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4 Compilation of growth accounts based on differensets of
assumptions

In this section we will have a closer look on horewth accounts for the marked-
based economy are affected by changes in user-d®assilts for three scenarios
are shown:

* Scenario 1: Calibrated user-costs with or withames

» Scenario 2: Endogenous (e.g. calibrated user-cestsjis exogenous rate
of return

* Scenario 3: Non calibrated user-costs with or withtaxes

Only major results will be shown below. Detailedwth accounts can be found in
appendix 1.

8 The analysis where not published.
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Scenario 1: Calibrated user-costs with or withouaixes

A comparison of the original compilation with caB& shows how exclusion of
taxes in the user-cost expression affects the teeswhen the rate of return is
endogenous. Since calibration is rather compretiens it likely to believe that
the calibration effect will overrule the effectsifn eliminating tax rates, cf. section
3. This implies that the difference between catdxlaestimates with or without
taxes is relatively moderate.

The nature of the calibration technique ensuresttieestimated growth rates for
the value added and labour productivity are almwsthanged when eliminating
taxes. Compared to the benchmark case, the estimatebour is also almost the
same as a result of unchanged weight shares faakapd labour, cf. equation 2.5.
Therefore only estimates for capital deepeningatemge. In years with disparities
in capital deepening estimates, there’'s a corredipgnchange with an opposite
sign in TFP, which just reflects the fact that TiEleompiled residually.

Capital deepening and therefore also TFP growtsrdiffer in several years, see
figure 4.1. In the period from 1973 to 1981 conitibns from capital deepening
are highest in case B, which originates from ICpHzd, see appendix 1. Note
however that estimations of ICT-capital in the 193a0@e subject to a certain degree
of uncertainty as a consequence of the low ICTtahgtock in the beginning of
the period. Therefore, conclusions based on figuteshould be conservative.

Figure 4.1 Capital deepening
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This does not change the fact that the degreepdéeation in case B has improved
during the period. In the early 1980s and late $980ntributions from capital

deepening is reduced, although the reduction iy @il percentages in both
decades. Thus, the results are not too conclusive.

° In case B, taxes are excluded, but the value ®fctpital services are calibrated to the
gross operating surplus.
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One of the reasons for the moderate effects ofimditing taxes is that calibration
of the value of capital services to the gross dpegasurplus compress user-costs
relatively much. So the question of incorporatiagets in the user-cost expression
plays a minor role, when user-costs are calibrafddis in this scenario, it's
difficult to determine whether eliminating taxesthe user-cost expression is for
better or worse.

Scenario 2: Endogenous (e.g. calibrated user-costsgrsus
exogenous rate of return

Scenario 2 concerns the question of whether cadibbrauser-costs affect
productivity growth rates, i.e. we compare the twnark case with case’C As
mentioned in section 2.6, calibration implies cetesicy between productivity
estimates and the official national accounts datdether this is preferred will be
discussed below.

With uncalibrated user-costs, estimates of valudeddand labour productivity
growth rates will be different from Statistics Deswki's official estimates, i.e. the
benchmark case. The contribution to labour progitgtigrowth stemming from
labour inputs changes too as a result of a chamgmghting scheme between
capital, labour and TFP, cf. equation 2.5. Thus,ahly estimate that is identical to
the benchmark case is working hours.

Figure 4.2 Labour productivity

Percentage change
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Figure 4.2 shows labour productivity growth for tie cases. Uncalibrated user-
costs have a significant effect on the productiestimates. Major disparities are
seen in the 1960s where growth rates for capita@peeing and TFP are
significantly higher with uncalibrated user-cosis. general, estimates for the
1970s seem to correspond well to the benchmark, edsiée larger differences

persist in the 1980s. Note also that labour pradiigctgrowth rates differ rather

much. The disparities are mainly caused by higltalageepening growth rates in

%|n case C, taxes are included in the user-cosession, but user-costs are uncalibrated.
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case C, see table 4.1. In general, estimates daatdeepening correspond to the
benchmark case from the beginning of the 1990sthodghout the period even
though disparities stemming from changes in TFRiotcthis period.

For the whole period 1966 to 2003 the average lapmductivity growth rates are
almost identical in the two cases, but major digiesr occur when the period is
subdivided, see table 4.1.

Table 4.1 Disparities for different time periods.

1966- 1973- 1979- 1987- 1993- 2000- 1966-
1973 1979 1987 1993 2000 2003 2003

Percentage changes

1 Labour productivity (2+3+4) ..... -09 -0,2 0,3 -03 0,5 00 -01
2 Capital deepening (2a+2b) ...... -05 -01 -0,3 -05 00 -01 -0,2
2a |ICT-capital deepening ............ 00 01 01 00 00 00 00
2b Other capital deepening .......... 05 -01 -03 -04 00 -01 -03
3 Labour ... 0,0 0,0 0,0 0,1 0,0 0,0 0,0
4 TFP . -04 -0,1 0,5 0,1 0,4 0,1 0,1

For instance, labour productivity increases by ieBcentage points from 1987 to
1993 when the estimates are based on uncalibraded-costs. The opposite
happens from 1993-2000, where uncalibrated usds-ceduce labour productivity
growth by 0.5 percentages point compared to thelbeark case.

Figure 4.3 Decomposition of labour productivity growth in
selected years
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B Capital deepening B Labour o TFP

13



Another consequence of applying uncalibrated uestsdn the growth accounts is
that the decompositioh of the labour productivity growth changes. Figur8
shows examples of this. For instance, in 1975 a@®86.,1the decomposition is
changed substantially from case A to C, while imeotyears the decomposition is
almost unchanged. This reflects the fact that tle@kting of capital deepening,
labour and TFP changes substantially with uncai#raser-costs.

Thus, calibration of user-costs has a significanpact on labour productivity
growth rates — both when it comes to the overabbwgn rates and the
decomposition of the productivity growth.

The effect on labour productivity growth is largegten one is analysing year-to-
year or period-to-period changes, but there’s almoseffect in the long run. In
contrast to this, the decomposition of the labowdpctivity growth into capital

deepening, labour and TFP changes substantialipatter how the period 1966-
2003 is divided into subperiods. The main reasorttis is a changed weighting
scheme between capital deepening, labour and TF&gwation 2.5.

Scenario 3: Non-calibrated user-costs with or witlictaxes

In the final scenario, we analyse the effects afifitatax variables in the user-cost
expression. In scenario 1, calibration tended trmNe the effects of tax variables.
Thus in this scenario we compare case C and D,emme®r-costs are uncalibrated.

As in scenario 2, only working hours is identicakhe becnhmark case. This is so,
since there're both direct and indirect effectarfreliminating taxes. The direct

effect shows how much the user-costs are affecyedliminating tax rates, even

though the size and sign of this effect cannotdresieelf, see section 3. Since the
weighting scheme changes when taxes are eliminfiteah the user-costs

expression, indirect effects can occur in some syeBut in this scenario the

indirect effect on the weighting scheme from eliating taxes is much smaller
than the effect in scenario 2.

Besides these effects, user-costs will also beciffieby the overall changes in
taxes over time. Panel A in figure 4.4 shows hogttx rates on corporations and
real property have changed since the end of th@sl%anel B shows time series
for return on net capital before and after taxes.

™ That is the decomposition of the labour produgtidrowth into capital deepening,
labour and TFP.

12 As pointed out in section 3 one cannot foresee dlawination of tax variables affect the
estimates. Note that we only examine the empigffalcts of eliminating all tax rates from
the user-costs expression. A deeper analysis deded one wants to determine the effects
of eliminating some (but not all) tax rates frone tser-costs expression, but this is beyond
the scope of this paper.

14



Figure 4.4 Changes in taxes since 1966
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Note that the return on net capital after taxes emstmated using the nominal
interest rate and a risk premium during the ye®6611994. From 1995 and
onwards estimations of the after tax rate wheredas data from the industrial
accounts statistics. The before-rate is measurdteéyeturn on equity before taxes
(in percent) and the time series are availableh@ ibdustrial accounts statistics
throughout the period. Therefore, the return oncagital after taxes is higher than
the before tax rates in some years.

Figure 4.5 illustrates the effects from eliminatitexes on labour productivity,
capital deepening, labour and TFP. The resultsasecC and D are almost
identical, although disparities occur in some ye@he largest differences between
case C and D occur in 1966-1969, 1974-1976, 1985 1hd 1987-1990. The
effects on capital deepening and labour are raghmilar, while TFP-effects are
more mixed. The results seem to indicate that Iapoaductivity growth rates are
higher when taxes are included in the user-costessjon. This can reflect a
changed weighting scheme, where the positive darntans from capital
deepening and the negative contributions from lalawe smaller when taxes are
excluded. All in all, these effects seem to bobstlabour productivity growth rate
in case C to a higher growth rate in case D.

To conclude, taxes have a significant effect onr-assts and thereby on the
productivity estimates — especially when it comestlte decomposition of the
productivity growth - when user-costs are uncatiula Note however that the
effect is more moderate than in scenario 2.
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Figure 4.5 Tax effects on labour productivity, capital
deepening, labour and TFP
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5. Empirical findings at the industry level

This section examines whether the effects founthataggregated level are the
same for specific industries. Only main resultssirewn below, but more detailed
tables can be found in appendix 1-2.

5.1 Effects of calibration at industry level

This section focuses on the effect of calibrateer-e®sts at the industry level. At

the aggregate level in 2000, labour productivitgré@ased 0.5 percentage points,
while the contribution from capital fell -0.1 pentage points, when using

uncalibrated user-costs, see appendix 1. Tabledpares the benchmark case
with case C for 27 industries in year 2000, whiédlé 5.2 shows disparities

between labour productivity estimates for the whpkriod broken up to 27

industries.
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Table 5.1 Labour productivity broken down on 27 industries - year 2000
|
—— Benchmark —— ——— Case C ——— ———Disparities

Labour ICT Oth Lab. TFP Labour ICT Oth Lab. TFP Labour ICT Oth. Lab. TFP

produc cap. cap. qual. produc cap. cap. qual. produc cap. cap. qual.
tivity deep deep tivity deep deep tivity deep deep
Percentage
Agriculture, horticulture and forestry ........ 53 00 0,2 08 42 57 01 08 05 42 -04 -0,1 -0,7 04 0,0
Fishing ......... .. i i, -38 00 -02 0,2 -38 -57 -05 -36 0,1 -1,8 19 05 34 01 -20
Miningand quarrying ..................... 154 0,2 24 0,0 125 146 0,2 22 0,0 11,9 09 00 02 0,0 0,6
Mfr. of food, beverages and tobacco ........ 2,1 01 -04 0,2 -20 2,1 0,2 -04 0,2 -20 00 00 00 0,0 0,0
Mfr. of textiles and leather ................ 05 03 -01 04 -0,2 0,7 04 -01 04 0,0 -0,2 -0,1 00 00 -0,2
Mfr. of wood products, printing and publ. . ... 16 04 01 05 06 16 05 02 04 05 00 -01 00 00 01
Mfr. of chemicals, plastic products etc. ...... 23 01 -05 03 25 24 01 -04 03 25 00 00 -01 0,0 0,1
Mfr. of other non-metallic mineral products . .. 18 05 1,1 01 041 18 05 1,1 01 01 00 00 00 0,0 0,0
Mfr. of basic metals and fabr. metal prod. . ... 32 0,7 03 00 22 34 0,7 04 00 22 -0,1 -01 00 00 0,0
Mfr. of furniture; manufacturing n.e.c. ....... -05 04 02 01 -1,2 -04 05 02 01 -1,2 -0, 00 00 00 -01
Electricity, gas and water supply ........... -1,1 -01 03 0,0 -1,4 -1 00 03 00 -14 00 00 00 0,0 0,0
Construction . ..........oiiiiii -16 01 -02 0,0 -15 -16 0,2 -0,3 0,0 -1,5 01 -01 01 00 0,0
Sale and rep. of motor veh., sale of auto. fuel -0,7 -0,1 0,2 -0,2 -0,6 -0,7 -0,1 04 -0,2 -0,8 00 021 -02 0,0 0,2
Wholesale except of motor vehicles ........ 6,7 10 05 00 51 68 09 05 00 53 00 01 01 00 -0,2
Re. trade and repair work exc. of m. vehicles . -34 01 -04 0,1 -33 -35 03 -08 0,1 -31 00 -02 04 00 -0,3
Hotel and restaurants .................... -52 -06 -1,1 -0,1 -35 -51 -05 -1,0 -0,1 -35 -0,1 -0,1 -0,1 00 0,0
Transport ... 58 05 16 01 34 75 08 25 01 39 -1,8 -0,3 -09 0,0 -05
Post and telecommunications ............. 04 11 -15 03 0,6 02 11 -14 03 0,2 03 01 -01 0,0 0,3
Finance and insurance ................... 6,0 33 -01 02 21 51 25 -01 02 21 09 08 00 00 0,0
Letting and sale og real estate  ............ 07 04 -11 00 14 04 04 -1,2 00 12 03 00 00 0,0 0,2
Business activities ........... ... .. .. -08 05 -02 02 -1,3 -0,7 09 -03 02 -1,3 -02 -03 01 00 0,0
Public administration .................... -13,9 2,3 -2,7 -0,2-13,9 -129 0,6 -0,7 -0,2-12,8 -09 1,7 -19 01 -11
Education .......... ... ... .o 99 0,7 07 02-11,3 97 15 16 0,2-125 -02 -08 -09 00 12
Health care activities ..................... 47 28 6,0 -01 -3,7 33 12 26 -01 -03 1,3 16 35 00 -34
Social institutions etc. ............ ... ... 95 00 00 04 91 95 00 00 04 91 00 00 00 00 0,0
Associations, culture and refuse disposal .. .. -3,2 05 -02 0,1 -3,6 -3,2 05 -02 0,1 -3,6 00 0,0 0,0 0,0 0,0

Fishing and Transport experienced the largest awarng labour productivity,
although with opposite signs. Both industries uaadport equipment intensively,
so the calibration of user-costs seems to havéharrdeep impact on the results. In
contrast to this, results for manufacturing indestrseem relatively robust no
matter if user-costs are calibrated.

Table 5.2 shows that the size of disparities witinidustries varies from year to
year. It is therefore difficult to point out singledustries where high disparities are
found in all periods. This means that it's diffictb find any coherence between
disparities in estimates among specific industfléss is not surprising, since it is
a common phenomenon that “the law of large numbbid&s uncertainties at a
more aggregate analytical level. Thus, the empireadence suggests that
uncalibrated user-costs increase the uncertaingstmation results.
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Table 5.2. Disparities between Labour productivity estimates - Benchmark and Case C.
' '/ | [ |

1967 1969 1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003

Percentage point

Agriculture, horticulture and forestry ........ -1,3 -08 -10 -0,2 0,2 -10 -14 -14 -02 -08 -1,3 -04 00 -2,2 -0,1 -1,1 0,1 -0,8 -0,6
Fishing ... ... . i -03 -02 00 -02 057 00 -0,2 -03 00 -0,7 -20 -1,7 06 20 15 -18 0,0 1,0 -0,3
Mining and quarrying ..................... -0,7 -2,7 -01 00 -14 01 15 -0,7 20 -03 00 -09 06 05 00 05 10 -23 -1,5
Mfr. of food, beverages and tobacco ........ 24 10 11 12 18 02 03 12 -0,2 0,2 -0,1 -04 -0 00 O2 -01 -0,2 -0,1 -0,1
Mfr. of textiles and leather ................. -01 -0,2 -0,2 -0,1 -05 -04 -05 00 00 -0,1 -0,7 -06 -0,2 01 02 0,0 -06 021 -06
Mfr. of wood products, printing and publ. .. ... 02 00 02 02 00 00 -0,2 -02 -0,1 00 -0,2 -05 -04 -0,2 -0,2 -0,2 -0,3 -0,3 -0,3
Mfr. of chemicals, plastic products etc. ...... 13 05 -01 00 -01 -0,2 -05 05 00 -01 021 -03 00 -0,2 0,1 0,1 0,1 0,2 -0,2
Mfr. of other non-metallic mineral products ... 1,7 03 06 0,7 -07 00 00 -14 -012 -0,7 00 -0,7 00 01 0,1 00 0,0 -0,7 0,0
Mfr. of basic metals and fabr. metal prod. .... 0,2 0,0 -03 00 -04 -01 -03 -0,3 -01 0,0 -05 -0,3 00 -01 00 00 0,0 0,0 -0,1
Mfr. of furniture; manufacturing n.e.c. ....... 03 o1 02 03 -03 01 -03 -02 00 0,2 -0,1-0,1 -02 0,2 -02 0,1 -0,2 -04 0,0
Electricity, gas and water supply ........... 03 05 o5 o1 -01 -03 -03 11 06 -24 -0,7 1,2 -08 -04 021 -02 0,0 0,0 0,0
Construction ........... i o1 00 -01 04 00 -05-05-11 -05 -08 -04 -03 -0,2 -0,2 -04 00 0,2 -04 -05
Sale and rep. of motor veh., sale of auto. fuel . 0,0 00 00 04 04 00 -01 -03 01 -03 -06 -15 0,2 0,0 00 0,0 -06 -04 0,2
Wholesale except of motor vehicles ......... 02 16 -04 04 -01 04 02 -01 06 03 05 00 00 01 021 021 00 01 0,0
Re. trade and repair work exc. of m. vehicles . 0,12 02 0,1 05 00 00 00 -04 -01 -0,2 -0,7 -03 00 0,0 -0,3 0,2 0,0 -04 -01
Hotel and restaurants  .................... o1 -06 00 04 -08 -08 -08 -0,7 -0,2 -0,7 -05 -03 0,1 -08 01 00 -0,1 0,0 0,0
Transport . ... -0,7 -05 -0,7 -0,8 -05 -08 -0,2 -12 0,2 -05 -12 -11 -0,7 -16 00 -0,6 04 -04 -04
Post and telecommunications .............. 07 10 00 00 -04 -05 01 01 -0,7 -06 -14 -06 00 -02 01 08 0,1 00 0,0
Finance and insurance ................... -01 07 -03 11 10 05 04 05 02 02 03 04 02 03 -01 07 02 -01 05
Letting and sale og real estate  ............ 28 44 -01 03 01 -12 12 -01 -0,2 -05 -0,2 05 -03 26 0,7 -012 -0,7 -0,2 -0,1
Business activities . ........... ... o 00 01 o1 07 03 -01 -05 -05 00 -05-06 00 00 00 00 00 -05 -04 -03
Public administration .................... 00 00 00 00 00 00 00 00 00 00 00 00 00O 08 00 00 19 -01 -3,6
Education .......... .. ... . i 25 22 47 22 14 06 10 10 O1 -01 -19 01 07 39 -01 -1,7 -05 -0,9 -0,3
Health care activities ..................... 00 00 00 00 00 00 00 00 00 00 00 00 00 -36 44 09 13 09 1.2
Social institutions etc. .................... 00 00 00 00 00 00 00 00 00 00 00 00 00 00 -13 -1,1 00 00 0,0
Associations, culture and refuse disposal ... -0,7 -0,7 -0,7 -0,3 -05 -05 -0,6 -0,6 0,0 -0,3 -0,7 -1,1 0,0 0,1 -0,2 0,0 0,0 0,0 -0,1

5.2 Effects of tax variables in user-costs at tmelustry level

The results of eliminating tax variables from thsemcosts expression at the
industry level is more or less the same as whenesckides tax variables at the
aggregate level. Figure 5.1 show disparities ahiglating tax variables in selected
industries.

Figure 5.1 Tax effect on labour productivity in selected

industries
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Detailed results for 8 industries are shown in appe2. The estimates indicate
that for some industries, the disparities seeneterhaller at the industry level than
for the aggregate level.
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6 Discussion and concluding remarks

The empirical results show that the decision betwesng an exogenous versus an
endogenous rate of return is of great importangethe Danish productivity
estimates. An endogenous rate of return impliesttie@productivity estimates are
consistent with the national accounts, cf. EUKLEK2B06). But it's problematic
that the assumptions behind this approach arerregbtrictive. EUKLEMS (2006)
points out that the use of an endogenous rate tafrrecan results in negative
capital service prices, and this was actually &smd in the Danish case when the
official productivity estimates were compifédThis was solved this using an ad-
hoc procedure — in most years inflation rates frim@ surrounding years were
smoothed, but in some cases further correctionsmeae by hand. Thus, negative
service prices are clearly a disadvantage of thegenous approach.

Therefore, it might be better to use an exogenates of return in stead, but this
implies that one must estimate expected asset priledion and decide on which
financial market variables one should use, i.eergdt rates on government bonds
etc. Therefore, Oulton (2005) draws attention te idea of combining the
endogenous approach with the exogenous one. Andbstry level, Oulton shows
that empirical results for the UK are insensitive the method employed, but
“when we aggregate up from the industry-level eatan to the market sector as a
whole, the method used makes a substantial diftefercf. Oulton (2005, page
19).

Another empirical finding for Denmark is that taxeffect the productivity
estimates, especially when the rate of return @erous. Statistics Denmark has
chosen to include tax variables in the user-cogtsessions in the official Danish
productivity estimates. It has been pointed out ¢tim& should include tax variables
to take accounts of different assets types and fegas ideally, cf. EUKLEMS
(2006).

Moreover, not all assets are covered in the Damédlonal account, which implies

that the capital services will be overestimated, Whited Nations (1993) and

EUKLEMS (2006). It's necessary to complete the t@ccounts if one prefers to

calibrate the value of capital services to the gaerating surplus in order to keep
consistent with the national accounts data.

Furthermore, the Danish results are rather semsitithe assumptions behind the
capital accounts compilations, i.e. service livasrtality function etc. This finding
is confirmed by Schreyer (2003a), who shows thaP Estimates will change
depending on the assumptions put on capital ser@sgmates, i.e. assumptions on
capital accounts compilatiolfs Even though rather detailed manuals, which

13 Statistics Denmark has used an endogenous ragtuoh on grounds of consistency. It's
our impression that the consistency of productiéstimates to the national accounts is
crucial for many statistical offices.

14 Capital accounts data (often the net stock oftaBpare used as a starting point when
compiling capital services for productivity estirst
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describe the difficulties and challenges withirstheld, exist’, national statistical
offices have to take account of which assumptiongse in their compilations of
capital accounts. This is quite challenging, sitisadifficult to determine the exact
service lives just to mention an example.

We believe that the problematic issues that thedbaempirical results have drawn
attention to are a more general phenomenon, her atatistical agencies’ face the
same challenges as Statistics Denmark concernimgléicisions of assumptions
and estimation methods when doing growth accouritingractice. A number of
reference booK8 have discussed many issues on the state of thethim growth
accounting in recent years, but an internationat peactice for growth accounting
has not been decided upon yet. Moreover, the Systéfational Accounts and the
European System of Accounts do not give sufficgntlelines within this field, cf.
Eurostat (1996) and United Nations (1993). This msethhat assumptions behind
productivity estimates might differ from country tmuntry. As a result of this,
differences in productivity growth among countriean reflect different sets of
assumptions rather than different economic fundaatebetween countries.

Due to the ongoing globalisation process, inteamati benchmarking of
productivity growth on a regular basis has becomeenimportant in recent years.
As a response to this, some statistical agencidsraisistance Statistics Canada
publishes productivity measures on a regular bam®l databases with
internationally comparable data have been compiied, OECD’s Productivity
Database and the EUKLEMS-project just to mentioiea examples. Much
attention has been devoted to the collection ofald and internationally
comparable data, but further analysis into thedfigl how assumptions affect the
estimates is needed.

To conclude, Danish empirical results show thatdlsea need for creation of
stable international guidelines on the assumpt&nts choices behind productivity
measures both on the aggregated level and forichdiVindustries. Hopefully, this
will help establish a best practice into the fiefdgrowth accounting that result in
detailed and reliable productivity estimates thrat@mparable among countries.

15 See for instance OECD (2001a).
16 See for instance OECD (2001b).
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Appendix 1 Disparities between original compilation and recalculations - Market based economy
' _______________________________________________________| |

Original compilation 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981
Value added (2+3+4 or 5+6) 1 24 49 65 10 33 58 37 -04 -27 62 25 17 45 -08 -2,1
Capital deepening (2a+2b) 2 13 12 13 12 10 1,1 15 15 10 10 11 11 12 16 172
ICT-capital input 2a 00 00 00 00 00 00 01 01 01 02 01 02 04 05 04
Other capital input 2b 13 12 13 11 10 11 14 15 10 09 10 09 08 12 0,7
Labour (3a+3b) 3 -16 -13 0,7 -05 -18 -15 -1,2 -1,5 -46 15 -1,1 -1,2 -0,8 -1,7 -3,9
Long education 3a 01 00 00 00 00 -01 00 00 -04 02 00 00 00 00 -03
Short education 3b -16 -12 -07 -05 -1,7 -15 -12 -14 42 13 -11 -11 -0,8 -1,7 -3,6
TFP 4 27 50 58 04 41 63 34 -05 09 36 25 18 40 -07 07
Labour productivity 5 52 72 79 22 66 84 59 22 45 44 46 38 60 21 37
Working hours 6 26 21 -13 -11 -31 -24 -21 -26 -69 17 -20 -20 -14 -28 -56
Original — Case B

Value added (2+3+4 or 5+6) 1 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
Capital deepening (2a+2b) 2 00 00 00 00 00 00 00 -01 -05 -02 -01 -0,2 -04 -0,3 -0,1
ICT-capital input 2a 00 00 00 00 00 00 00 -01 -04 -02 -01 -02 -04 -03 -01
Other capital input 2b 00 00 00 00 00 00 00 00 -01 00 00 00 00 00 00
Labour (3a+3b) 3 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
Long education 3a 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
Short education 3b 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
TFP 4 00 00 -01 01 00 00 00 01 05 02 01 02 04 03 01
Labour productivity 5 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
Working hours 6 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
Case C compilation

Value added (2+3+4 or 5+6) 1 57 68 70 09 34 65 35 -04 -27 62 27 20 49 -09 -14
Capital deepening (2a+2b) 2 21 20 18 13 11 13 14 14 09 08 14 14 13 20 15
ICT-capital input 2a 00 00 00 00 00 00 00 00 01 01 01 01 03 04 04
Other capital input 2b 21 20 128 13 11 13 14 14 08 0,7 13 12 11 16 1.1
Labour (3a+3b) 3 -1,2 -10 06 -05 -1,7 -15 -13 -16 -49 16 -1,0 -1,0 06 -1,4 -3,3
Long education 3a 00 00 00 00 00 -01 00 00 -04 02 00 00 00 00 -03
Short education 3b -1,2 -09 06 05 -1,7 14 -12 -15 45 14 -10 -10 -0,6 -1,4 -3,0
TFP 4 47 57 58 01 40 66 33 -02 14 37 23 17 42 -15 04
Labour productivity 5 85 92 85 20 67 91 57 23 45 45 48 41 64 19 45
Working hours 6 26 -21 -13 -11 -31 24 -21 -26 69 17 -20 -20 -14 -28 -56
Original — Case C

Value added (2+3+4 or 5+6) 1 -32 -19 06 01 -01 -06 02 -01 00 00 -02 -03 -04 02 -0,7
Capital deepening (2a+2b) 2 -08 08 05 -01 -01 -02 01 01 01 02 -02 -03 -01 -03 -0,3
ICT-capital input 2a 00 00 00 00 00 00 00 00 00 01 00 01 01 01 00
Other capital input 2b -08 -08 05 -02 -01 02 00 01 01 02 -03 -03 -02 -04 -04
Labour (3a+3b) 3 04 03 01 00 -01 -01 01 01 03 -01 -01 -02 -01 -0,3 -0,6
Long education 3a 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
Short education 3b 04 -03 01 00 -01 01 01 01 02 -01 -01 -02 -01 -0,3 -0,6
TFP 4 20 07 00 03 01 -03 01 -03 -05 -01 02 01 -02 08 03
Labour productivity 5 -33 -19 -06 021 -01 -0,7 02 -01 00 00 -0,2 -0,3 -04 0,2 -0,7
Working hours 6 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
Case D compilation

Value added (2+3+4 or 5+6) 1 47 63 68 08 33 62 30 -12 44 62 26 1,7 46 -08 -23
Capital deepening (2a+2b) 2 1,7 1,7 15 12 10 11 13 08 04 08 12 12 13 17 1.2
ICT-capital input 2a 00 00 00 00 00 00 00 00 00 01 01 02 04 04 03
Other capital input 2b 1,7 1,7 15 12 10 11 13 07 04 07 11 10 09 13 0,8
Labour (3a+3b) 3 -14 -11 -06 -05 -18 -16 -1,3 -1,9 -59 16 -1,1 -1,1 -0,7 -16 -3,9
Long education 3a 01 00 00 00 00 -01 00 00 -05 02 00 00 00 00 -03
Short education 3b -14 -11 -07 -05 -18 -15 -13 -1,8 54 1,4 -1,1 -11 -0,7 -16 -3,6
TFP 4 45 57 58 01 41 67 29 -01 11 37 25 16 40 -09 04
Labour productivity 5 76 86 82 19 66 89 52 14 27 44 47 38 61 20 35
Working hours 6 26 21 -13 1,1 -31 -24 -21 -26 69 17 20 -20 -14 -28 -56
Case C—-Case D

Value added (2+3+4 or 5+6) 1 09 05 03 02 01 02 05 08 1,7 00 01 03 02 -01 09
Capital deepening (2a+2b) 2 o5 04 03 01 021 02 01 06 05 00 02 01 00 0,3 0,3
ICT-capital input 2a 00 00 00 00 00 00 00 00 00 00 00 -01 -01 -0,1 0,0
Other capital input 2b 04 04 03 01 01 02 01 06 04 01 02 02 02 03 03
Labour (3a+3b) 3 02 01 01 00 01 01 00 03 1,0 00 01 01 01 02 06
Long education 3a 00 00 00 00 00 00 00 00 01 00 00 00 00 00 00
Short education 3b 02 01 01 00 01 01 00 03 09 00 01 01 01 02 05
TFP 4 02 00 -01 00 -01 -01 04 -01 03 01 -02 01 01 -06 00
Labour productivity 5 10 05 03 02 01 02 05 09 18 00 01 03 0,2 -0 1,0
Working hours 6 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

Note: In Case B, which is the case where taxes are excluded and calibration is used, only disparities to the published estimated is
shown. For the remaining cased both estimates and disparities is shown.
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0,0 0,0
0,0 0,0

0,0 0,0

0,0 0,0
0,1 01
01 01
0,0 0,0
0,0 00
0,0 0,0
0,0 0,0
-01 -0,1
0,0 0,0
0,0 0,0

0,0
0,1
0,1
0,0
0,0
0,0
0,0
-0,1
0,0
0,0

0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0

0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0

0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0

0,0
0,0
-0,1
0,0
0,0
0,0
0,0
0,0
0,0
0,0

3,0
0,9
0,3
0,6
-0,2
0,1
-0,4
2,4
3,7
-0,7

2,2
11
0,4
0,7

-0,3
0,1

0,5
15
3,0

-0,8

4,3
11
0,5
0,6
15
0,3
1,2
1,7
2,1
2,2

35 39
16 23
0,6 09
10 14
10 1,6
03 04
06 13
09 -01
19 09
1,6 3,0

1,9
2,4
11
1,4

1,1
0,1

1,2
0,5
4,6

2,6

15 26 21
19 14 13
08 05 05
11 09 0,8
-1,3 -1,0 -0,8
01 02 01
-1,4 -1,2 -0,9
09 22 17
45 52 41

-29 -24 -19

1,0
1,1
0,5
07

-0,2
0,2

-0,4
0,1
1.8

-0,7

11
1,0
0,5
0,5
0,0
0,1
-0,1
0,1
1,4
-0,3

210 47
09 08
06 0,6
02 0.2
1,0 -04
01 01
1,0 -0,6
08 44
13 6,1
23 -13

43 20
10 11
0,6 0,7
04 04
10 0,2
0,4 03
0,6 -0,1
22 06
25 19

1,7 00

32 22
11 14
0,7 08
04 0,6
09 13
05 04
05 08
11 -04
19 0.2
12 20

3,3
1,4
0,8
0,6
0,8
0,5
0,4
1,0
2,0
1,2

4.4
1,3
0,7
0,6
1,4
0,4
1,0
1,6
2,0
2.3

1,7
1,3
0,6
0,7
0,3
0,4
-0,1
0,2
1,7
0,0

0,4
11
0,5
0,6

-0,7
0,1

-0,8
0,0
17

1,3

0,6
0,9
0,3
0,6
0,7
0,1
0,8
0,4
2,2
-1,5

0,4
-0,3
0,0
-0,2
0,0
0,0
-0,1
0,7
0,4
0,0

0,2
-0,1
0,0
-0,1
0,0
0,0
0,0
0,3
0,2
0,0

0,8
0,1
0,1
0,0
0,1
0,0
0,1
0,6
0,8
0,0

05 1,0
-0,1 -0,2
01 01
-0,2 -0,3
02 05
01 01
02 04
03 0,7
04 1,0

0,0 0,0

0,1
-0,1
0,2
-0,3
-0,3
0,0
-0,4
0,5
0,1
0,0

-1,1 -05 -0,2
-0,4 -04 -0,2
-0,1 -0, 0,0
-0,3 -0,3 -0,2
-0,4 -0,3 -0,2
00 01 0,0
-0,5 -04 -0,2
-0,2 03 0,2
-1,1 -0,5 -0,2
00 00 00

0,2
0,0

-0,3
0,0
0,0

-0,1
0,0
0,0

-0.2
03
0,0

-01 11
0,0 0,0
0,0 0,0
0,0 0,0
-0,2 -0,1
0,0 0,0
-0,2 -0,1
01 1,2
-0,1 11
0,0 0,0

01 04
0,0 0,0
01 01
-0,1 -0,1
02 00
01 00
0,1 0,0
-01 04
01 04
0,0 0.0

03 04
0,0 -0,1
0,0 0,0
0,0 -0,1
01 0,2
00 01
00 01
02 03
03 04

0,0 0,0

0,7
-0,1
0,0
-0,1
0,1
0,1
0,1
0,6
0,7
0,0

0,5
-0,1
0,0
-0,1
0,2
0,1
0,1
0,4
0,5
0,0

0,1
-0,1
0,0
-0,1
0,0
0,0

0,1
0,1
0,0
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0,0
0,0
0,0
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0,0
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-0,3
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34 39
15 21
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10 14
09 17
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06 13
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12 48
07 07
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1,1 -05
01 01
11 -06
09 47
11 6,2
23 -13

44 2,0
09 10
0,6 0,6
03 04
1,1 0,2
04 03
0,7 -0,1
2,3 07
26 19

1,7 00

31 22
10 13
06 0,7
04 0,6
09 13
055 04
05 08
1,1 -0,3
19 02
1,2 20

31
1,3
0,7
0,6
0,8
0,5
0,4
1,0
1,9
1,2

4,3
1,2
0,6
0,6
1,4
0,4
1,0
1,6
1,9
2,3
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0,6
0,9
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0,5
0,8
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0,0

0,4
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0,1
0,1
0,0
0,0
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0,2
0,4
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0,4
0,0
0,0
0,0
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0,0
0,1
0,1
0,3
0,0

01 0,0
0,0 0,2
0,0 01
00 01
0,1 -0,1
0,0 00
0,0 0,0
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0,2
0,3
0,2
0,1
0,1
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0,1
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0,3
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01 01 01
02 02 01
02 02 01
0,0 00 0,0
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0,2
0,1
0,1

0,0
0,0
0,0
0,2
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0,2
0,1
0,1

0,0
0,0
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01 01
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0,0 0,0
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0,1 01
0,1 01
0,0 0,0
0,0 0,0
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0,1 00
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0,1
0,1
0,1
0,0
0,0
0,0
0,0
0,0
0,1
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0,1
0,1
0,0
0,0
0,0
0,0
0,0
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0,0
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Appendix 2  Disparities in growth accounts based on estimates with and without taxes
L' __________________________________________| |

1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981

1. Agriculture, fishing and quarrying

Labour productivity o1 02 01 01 0,2 0,2
ICT-capital input 00 00 00 00 0,0 0,0
Other capital input o1 03 03 01 03 0,3
Labour quality 00 00 00 00 0,0 0,0
TFP 00 -01 -0,2 00 0,0 -0,1

2. Manufacturing

Labour productivity 02 02 01 01 02 0,1
ICT-capital input 00 00 00 00 0,0 0,0
Other capital input 02 02 01 02 03 01
Labour quality 00 00 00 00 0,0 0,0
TFP 00 00 00 00 00 0,0

3. Electricity, gas and water supply

Labour productivity 01 67 15 02 -03 04
ICT-capital input 00 00 00 00 0,0 0,0
Other capital input 29 17 10 01 02 0,6
Labour quality 00 00 00 00 00 0,0
TFP 27 48 05 01 -05 -0,2

4. Construction

Labour productivity o1 o1 02 00 00 0,2
ICT-capital input 00 00 00 00 0,0 0,0
Other capital input 02 03 02 00 01 0,2
Labour quality 00 00 00 00 0,0 0,0
TFP 00 -01 00 00 00 00

5. Wholesale and retail trade; hotels, restaurants

Labour productivity o1 o1 01 01 00 01
ICT-capital input 00 00 00 00 0,0 0,0
Other capital input o1 o1 01 01 01 0,2
Labour quality 00 00 00 00 0,0 0,
TFP 00 -01 00 00 -01 -01

6. Transport, storage and communication

Labour productivity o1 o4 02 02 03 03
ICT-capital input 00 00 00 00 0,0 0,0
Other capital input 02 15 04 02 02 05
Labour quality 00 00 00 00 0,0 0,0
TFP -01 -11 -02 00 01 -0,2

7. Finance and business activities

Labour productivity -0,3 -0,3 -0,3 01 00 -01
ICT-capital input 00 00 00 00 0,0 0,0
Other capital input o1 o1 01 01 00 0,2
Labour quality 00 00 00 00 00 0,0
TFP -04 -04 -04 00 -01 -04

8. Public and personal activities

Labour productivity 03 02 01 01 01 01
ICT-capital input 00 00 00 01 01 0,0
Other capital input o6 03 01 02 02 0,2
Labour quality 00 00 00 00 0,0 0,0
TFP -03 -02 -0,1 -0,1 -0,1 -0,1

0,2
0,0
0,2
0,0
0,0

0,1
0,0
0,1
0,0
0,0

0,0
0,0
0,0

0,0

0,1

0,1
0,0
0,0

0,1
0,0
0,1
0,0
-0,1

0,2
0,0

0,0
0,0

-0,2
0,0
-0,5
0,0
0,7

0,0
0,0
0,0
0,0
0,0

0,1
0,0
0,1
0,0
-0,1

0,2
0,0
0,2
0,0
-0,1

-0,4
0,0
0,2

-0,6

0,1

0,2
0,0
-0,1

0,0
0,0
0,0
0,0
0,0

0,2
0,0

0,0
-0,2

0,1
-0,1
0,5
-0,1
0,5

0,2
0,1
0,2
0,0
-0,2

0,5
0,0
0,7
0,0
-0,1

0,4
0,0
0,5
0,0
-0,1

0,5
0,0
0,6
0,0
-0,1

0,1
0,0
0,2
0,0
-0,1

0,2
0,0
0,3
0,0
-0,2

04
0,0
07
0,0

04

2,8
-0,2
2,7
-0,1
0,1

0,3
0,1
0,4
0,0
-0,2

0,2 0,2
-01 -01
0,3 05
0,0 00
0,0 -0,3

0,1 01
0,0 0,0
01 02
0,0 0,0
0,0 0,0

02 0,2
0,0 0,0
0,0 01
0,0 0,0
0,2 00

0,0 01
0,0 0,0
-0,1 0,2
0,0 0,0
0,1 -0,1

0,0 01
0,0 0,0
0,0 0,2
0,0 0,0
01 -0,1

0,2 0,2
0,0 00

0,0 00
0,1 -0,2

0,0 0,2
-0,2 -0,1
-01 01

0,0 00

0,2 0,2

0,0 01
0,0 01
0,0 0,2
0,0 00
0,0 -0,2

0,5
0,0
0,5
0,0
0,0

0,1
-0,1
0,2
0,0
0,0

0,0
0,0
0,2

-0,2

0,0

0,1
0,0
0,2
0,0
-0,1

0,2
-0,1

0,0
-0,1

0,0
-0,2
0,0
0,0
0,3

0,1
-0,1
0,3
0,0
-0,1

05 03 04

0,0
0,5
0,0
-0,1

0,1
-0,1
0,2
0,0
0,1

0,3
0,0
0,2

0,1

0,0

0,1
0,0
0,1
0,0
-0,1

0,0
-0,1

0,0
-0,1

-0,2
-0,2
-0,1
0,0
0,1

0,1
0,0
0,2
0,0

0,0
0,8
0,0
-0,5

0,4
0,0
0,6
0,0
-0,2

0,6
0,0
0,7

-0,2

0,2

0,5
0,0
-0,3

0,2
0,1
0,4
0,0
-0,3

0,2
-0,1
0,1
0,0
0,1

0,5
-0,1
0,0
0,0
0,6

0,2
0,3
0,2
0,0

0,0
1,0
0,0
-0,5

0,6
0,0
0,7
0,0
-0,2

-1,0
0,0
0,8

-1,6

0,5

0,8
0,0
-0,3

03
0,2
05
0,0

04

0,4
-0,2

0,0
0,0

0,1
0,1
0,5
0,0
-0,5

0,3
0,3
0,3
0,0

-0,2 -0,4 -0,3
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s
1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003

0,6
0,0
0,6
0,0
-0,1

0,1
0,1
0,0
0,0
0,0

0,0
-0,1
0,5
0,0
-0,5

0,2
0,0
0,1
0,0
0,0

0,0
0,1
0,0
0,0
-0,1

0,2
0,1

0,0
0,1

0,0
0,1
0,0

-0,1

0,0
0,1
0,0
0,0
-0,1

0,1
0,1
0,1
0,0
-0,1

0,1
0,1

0,0
0,0

-0,3

0,1
0,0

0,0
0,0

0,4
0,2

0,0
-0,4

-0,1
0,0

0,0
-0,1

0,0
0,1
0,1

-0,3

0,1
0,1
0,1
0,0
-0,2

-0,1
0,1
-0,3
0,0
0,1

0,0
0,0

0,0
-0,1

-0,3
0,0
-0,5
0,0
0,2

0,0
0,0

0,0
0,0

-0,1
0,0

0,0
0,1

-0,1
-0,1

0,0
0,1

-0,6
0,2
0,4

-1,0

0,0
0,1
0,1
0,0
-0,1

0,0
0,2
-0,1
0,0
-0,1

0,0
0,0

0,0
0,0

-0,8
0,0
-0,2
0,0
-0,6

0,1
0,0

0,0
0,0

0,0
0,0

0,0
-0,1

-0,1
-0,1
0,0
0,0
0,0

-0,1
0,1
0,1
0,0

-0,3

0,0
0,1
0,0
0,0
0,0

01 02 01
02 02 01
01 00 0.2
0,0 00 00
-0,2 0,0 -0,2

01 03 04
01 02 01
00 03 04
0,0 00 0,0
0,0 -0,1 -01

00 01 -03
0,0 00 0,0
-0,1 03 03
0,0 00 0,0
0,1 -01 -06

01 01 0.2
01 01 01
00 01 02
0,0 00 0,0
00 0,0 -0,1

02 02 03
03 05 04
01 02 03
0,0 00 0,0
-02 -0,3 -0,3

00 02 03
-0,1 -0,1 0,0
01 03 03
0,0 00 0,0
0,0 -0,1 0,0

01 01 0,2
01 01 01
0,0 00 0,0
0,0 0,0 0,0
01 00 01

01 05 01
02 03 01
00 07 04
0,0 00 0,0
-01 -0,5 -0,4

0,1
0,1
0,3
-0,1
-0,2

0,4
0,1
0,4
0,0
-0,1

-0,6
0,0

0,0
-1,1

0,2
0,1

0,0
-0,1

0,1
0,2

0,0
-0,2

0,4
0,0

0,0
-0,1

-0,2
0,1
0,0

-0,2

0,4
0,2
0,9
0,0
-0,6

0,4
0,0
0,4
0,0
0,0

0,2
0,1
0,2
0,0
0,0

-0,3

0,2
0,1

0,0
-0,1

0,2
0,1

0,0
-0,1

0,0
0,0

0,0
04

0,4
0,1
0,3

-0,1

0,2
01
0,5
0,0

-0,4

0,0
0,0
0,2
0,0
-0,1

0,2
0,1

0,0
-0,1

0,5
0,0

0,0
0,4

0,1
0,1
0,2
0,0
-0,2

0,0
0,1
0,0
0,0
-0,1

0,2
0,0

0,0
-0,1

0,0
0,1
0,0
0,0
-0,1

0,0
0,0
0,2
0,0
-0,2

0,1
0,0
0,2
0,0
-0,1

0,2
0,1

0,0
-0,1

-0,5

0,0
0,1

0,0
0,0

0,0
0,1

0,0
0,0

-0,1
0,0
0,1
0,0

-0,3

0,0
0,1
-0,1
0,0
0,0

0,5
0,2
0,8
0,0
-0,4

03 02 00 0,0
00 01 00 00 00 0,0

0,0
0,2
0,0

0,0
0,3
0,0

0,1 -0,1

0,2
0,1

0,0
0,0

0,2
0,0

0,0
0,1

0,2
0,1

0,0

0,2
0,1
0,1
0,0
0,0

0,4
0,0
0,1
0,0
0,3

0,1
0,1
0,0
0,0

0,0 -0,1

0,1
0,1

0,0
-0,1

0,4
0,1
0,3
0,0
0,0

-0,2
0,1
0,0
0,0

-0,3

0,1
0,1
0,3
0,0

0,2
0,1
0,0
0,0
0,0

0,3
0,1
0,1
0,0
0,1

0,2
0,1
0,0
0,0
0,1

0,1
0,1
0,2
0,0

0,0

-0,2

-0,1

-0,2

0,0 00 00

-0,1 -01 0,0

00 00 00 00 00 0,0
00 01 00 00 0,0 00

0,0
0,1
-0,1
0,0
0,0

-0,1
0,0
-0,1
0,0
0,1

0,1
0,1
0,0
0,0
0,0

0,1
0,1
0,1
0,0
-0,1

0,1
0,1
0,0
0,0
0,0

0,1
0,1
0,0
0,0
-0,1

0,1
0,1
0,1
0,0

0,0
0,1

0,0
0,0

-0,3
0,1

0,0
-0,3

0,1
0,0

0,0
0,0

0,0
0,0

0,0
0,0

0,0
0,1
0,0
0,0
0,0

0,1
0,2
0,1
0,0
-0,1

0,0
0,1
0,1
0,0

-03 -0,2 -0,2 -0,1

0,0
0,1

0,0
0,0

0,0
0,0

0,0
0,0

0,0
0,0

0,0
0,0

0,1
0,2
-0,1
0,0
-0,1

0,0
0,1
0,0
0,0
-0,1

0,0
0,1
0,0
0,0
-0,1

0,0 00 00
01 01 00
0,0 00 00
0,0 00 00
0,0 00 00

00 01 01
0,0 00 0,0
0,0 -0, 0,0
0,0 00 0,0
-01 01 0,0

0,0 00 00
01 01 00
0,0 00 00
0,0 00 00
0,0 00 00

0,0 00 00
01 01 0,0
0,0 00 00
0,0 00 00
0,0 00 00

00 00 01
01 01 01
-01 0,0 0,0
0,0 00 00
0,0 00 -01

0,0 -01 0,0
01 02 01
01 02 01
0,0 00 00
-03 -0,3 -0.1

01 01 0,0
01 01 01
01 01 01
0,0 00 00
-01 -0,1 -0,1

0,0
0,0
0,0
0,0
0,0

0,0
0,0

0,0
0,0

0,0
0,0
-0,1
0,0
0,1

0,0
0,0

0,0
0,0

0,0
0,1
-0,1
0,0
0,0

-0,1
0,0
0,1
0,0
0,0

0,0
0,0
0,0
0,0
0,0

0,0
0,0
0,1
0,0
-0,1

0,1
0,1

0,0
0,0

0,1
0,0

0,0
0,2

0,1
0,0

0,0
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