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I nt roducti on

1. Thi s paper presents the productivity neasures utilized by Statistics
Finl and’ s national accounts, and sone alternative profitability calcul ations.
The Perpetual Inventory Method used in Finland is described in the annex.

Productivity neasures

2. VWher eas Finnish national accounts has cal cul ated | abour productivity
since the late 1970"s (and published it since the late 1980"s) it wasn't

until 1996 that nmulti-factor productivity figures were published. In 1999 the
productivity calculations were conpletely revised. The mai n changes bei ng due
to the national accounts inplementation of ESA95 and the change of base year
to 1995.

3. Rel ative | abour productivity is calculated as the change in the ratio of
val ue added at constant prices to the anpunt of hours worked by industry (see
eq. 1). When summ ng the hours worked they are assuned to be equally
effective — thus they aren’'t weighted with e.g. hourly wages — and they

i ncl ude both enpl oyees’ and sel f-enpl oyed persons’ hours.

* Prepared by M. Jukka Jal ava, National Accounts Division
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RLP is relative | abour productivity, Y value added and L hours worked.

4, Rel ative capital productivity is calculated as the change in the ratio of
val ue added at constant prices to average gross capital stock at constant
prices by industry (see eq. 2). Goss capital stock is the value of fixed
assets at “as new’ prices, regardless of the assets age or condition. Thus
gross stocks don’t take into account the efficiency decline that takes place
in assets, but are nevertheless a better neasure than net stocks, which are
weal t h nmeasur es.
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RKP = Int}i Eq. (2)
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RKP is relative capital productivity, Y value added and K average gross
capital stock

5. Mul ti-factor productivity is calculated as a translog index of the two
partial productivity neasures (see eq. 3). The relative changes in | abour and
capital productivity are weighted with their value shares. The val ue share of
| abour is the share of conpensation of enployees (i.e. wages, salaries and
enpl oyers’ social contributions) of nom nal value added. Capital’s val ue
share is the residual of |abour’s value share. Thus the change in relative
mul ti-factor productivity is calculated as a wei ghted geonetric average of
the changes in relative | abour and capital productivities.
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RVMFP is relative nulti-factor productivity, & is the value share of |abour

and (1- a) is the value share of capital

Productivity in Finland

6. As can be seen fromfigure 1, the productivity in narket production has
grown rapidly after the econom c depression of the early 1990°s. The average
annual growth in |abour productivity in the years 1993-98* was 3,9% in
capital productivity 4,9%and in rmulti-factor productivity 4,4% Only | abour
productivity has previously grow faster. In the period 1990-93 the annua
growth in labour productivity averaged 4,7% Fromthe capital intensity
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(gross capital stock per hours worked) can be seen, that the underutilization
of the capital stock (as was the case during the depression) has ceased, and
that capital intensity has dropped near its long-termtrend.

Figure 1: Productivity in market production 1975-98*.
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=== abour productivity Capital intensity Multi-factor productivity |
Average annual growth, % 1975-90 1990-93 1993-98*
Labour productivity 4,0 4,7 3,9
Capital productivity -0,4 -5,5 49
Multi-factor productivity 1,9 0,0 4,4
7. In manufacturing the recent productivity devel opnent is even better than

in market production as a whole. The average annual growth in |abour
productivity in the years 1993-98* was 5% in capital productivity 7,5% and
in multi-factor productivity 6,1% Fromfigure 2 can be seen, that the
capital intensity is declining after the depression. This probably reflects
ongoi ng structural change, i.e. a nmove from capital intensive production
towards production with enphasis on intangible assets.

Figure 2: Productivity in manufacturing 1975-98*.
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=== abour productivity Capital intensity Multi-factor productivity
Average annual growth, % 1975-90 1990-93 1993-98*
Labour productivity 5,0 7,6 5,0
Capital productivity 0,3 31 7,5

Multi-factor productivity 3,3 3,9 6,1
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8. In services productivity gromh hasn’t been as rapid as in manufacturing
The average annual growth in | abour productivity in the years 1993-98* was
3,1% in capital productivity 5,9%and in nmulti-factor productivity 5% The
capital intensity in services has followed a simlar pattern to market
production’s capital intensity as a whole, i.e. the early 90" s
underutilization of the capital stock has ceased, and capital intensity has
dropped near its long-termtrend (see figure 3).

Figure 3: Productivity in services 1975-98*.
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|_Labour productivity Capital intensity Multi-factor productivityl
Average annual growth, % 1975-90 1990-93  1993-98*
Labour productivity 25 1,2 31
Capital productivity -0,8 -8,3 59
Multi-factor productivity 18 -5,2 5,0

Probl ems with the productivity measures

9. One of the weaknesses with our nulti-factor productivity calculations is
that internediate consunption isn’t included as an i ndependent variable in
the production function. Inplicitly internedi ate consunption is considered,
since val ue added is used as the production function’s output instead of

out put per se. However, if there are structural differences in how an

i ndustry’s internedi ate consunpti on and val ue added change, these changes
aren’t captured by our productivity calculations. Another problemis the use
of a fixed base year. The use of chain-indexes (i.e. yearly changi ng base
year) is probably preferable, since they better take into account changes in
i nput- and output-structures. Finland s national accounts is going to start
usi ng chain-indexes in 2005 at the | atest.

10. The biggest problemhas to do with the capital input. Neither the
SNA93/ ESA95 gross nor net capital stocks are well suited for use in
productivity calculations. The flow of capital services should be used
i nstead of stocks as capital input in the production function
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11. There have been nuch consensus in the literature on the inportance of
taking into account |and and inventories in the production function

Prof essor Diewert showed very recently (Diewert & Lawence 1999) how the

om ssion of land and inventories lead to a decline in average total factor
productivity (TFP) growth rates in Canada of about 0, 1% per year. This is a
lot inrelative terns, since the average growh rate for TFP in Canada
averaged 0,5-0,6% over the years 1963-96.

12. Clearly we have a need to inprove on the nmethodol ogy we use to cal cul ate
productivity in Finland, and therefore we have ongoi ng work i ntent on
devel opi ng productivity nmeasures along the |lines of professor Jorgenson’s
KLEMS- net hodol ogy! (see Jorgenson et al (1987) & BLS (1997)).

From productivity to profitability

13. Productivity is an efficiency neasure. W cal cul ate how much the vol une
of output per input(s) changes, and — assuming constant returns to scale —
what we get are the productivity figures. To be able to take the step from
productivity to profitability, also the output and input prices have to be
taken into account. Pineda (Pineda 1990) presents the American Productivity
and Quality Center’s (APQC) nodel for productivity neasurenment as foll ows:

Profitability ratio = Productivity ratio x Price recovery ratio Eq. (4)
14. Price recovery is the ratio of output prices to input costs. Figure 4
shows graphically the interactions between productivity, price recovery and

profitability.

Figure 4. Interactions between profitability, productivity and price recovery

(adapted from Loggerenberg & Cucchiaro 1982).
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1 See ‘International Productivity Conparisons Project’ at
http://ww. conference-board. org/ expertise/franmes. cf nPmai n=econ.cfm for
further information.
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Profitability measures

15. In the following profitability is defined as return on capital enployed
Modi fying eq. 4, the relative change in profitability equals the relative
change in capital productivity times the relative change in price recovery.
Eq. 5 shows the fornula for calculating the relative change in
profitability(the return on capital):

aeV 9 aeKOP 0

& KOP

In(RPR ) = In(‘7 +In(;7 Eq. (5)
K

étl T
t-10

RPR is relative profitability, KOP is capital output price, KIP is capital
i nput price.

1 9

Profitability in Finland

16. The cost of capital (or capital output price as it is witten in eq. 5)
equal s the sum of depreciation, return to capital and capital gains.

Depreci ation (consunption of fixed capital) is directly available from

nati onal accounts data. Return to capital was for the purposes of this paper
defined as net operating surplus. The inmplicit price index was constructed by
sinmply dividing the sum of nom nal depreciation and nom nal net operating
surplus by the sum of real depreciation and real net operating surplus. (As
Fi nni sh national accounts only publishes the nom nal net operating surplus, |
had to calculate the real net operating surplus as the residual of the rea
net val ue added subtracted with real wages & salaries? real enployers’ social
contributions and real other taxes on production. To this was added ot her
subsi dies on production in real terns.) Data on capital gains was not

avail able. As capital input price | used the relevant price indexes of gross
fixed capital formation. Figure 5 shows the profitability in manufacturing,
mar ket production and services graphically.

2 . : . , _
| deflated the nom nal wages & sal aries and nom nal enployers’ socia

contributions with the price index of value added of the relevant industry.
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Figure 5: Profitability in manufacturing, market production and services
1975-98*.
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Average annual growth, % 1975-90 1990-93 1993-98*

Manufacturing 0,8 -3,9 9,7
Market production 0,3 -9,2 6,0
Services -0,8 -11,5 5,5

17. The profitability in manufacturing is growing at a fast pace, the average
i ncrease per year over the years 1993-1998 being 9,7% The profitability in
services hasn't been growing as rapidly as in manufacturing or in narket
production as a whole, but even there the average annual growth in the period
1993-1998 was 5,5% And it actually went up to al nost 8% according to the
prelimnary figures for 1998.

Al'ternative profitability cal cul ations

18. Alternatively profitability or the net rate of return can be defined as
the ratio of nom nal net operating surplus to nom nal net capital stock plus
nom nal stock of inventories. This is the nore orthodox national accounts
definition of profitability, but by definition also the APQC-fornula should
produce the same results.

19. Walton (Walton 2000) has nmade an international conparison of the
profitability (defined as the ratio of profits to capital enployed) between
certain countries (see figure 6).
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Figure 6: The net rates of return for non-financial conpanies in selected
countries.
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Sources: Walton 2000 and Statistics Finland.

20. Figure 6 reinforces the view of an upward trend in Finnish conmpanies
profitability after the early 1990"s, even in an international context. These
figures reflect both real differences in profitability and nationa
differences in the methodol ogy of cal cul ati on. For instance, the Finnish net
operating surplus includes some of the household sector’s m xed incone, and
the Norwegi an net operating surplus contains |abour incone of self-enployed

persons; this will give the rates of return an upward bias for both Finland
and Norway.

21. Table 1 shows Norway's, the UK s and Finland s rates of returns in
manufacturing and services. It wasn’'t until 1997 that the Finnish rates of
return overpassed those of Norway and the United Ki ngdom

Table 1: The Rates of Return in services and manufacturing in Finland, Norway
and UK, 1991-1998*.

Rate of Return 1991 1992 1993 1994 1995 1996 1997 1998
Services Finland 6.0 5.7 6.5 9.2 11.3 13.1 15.7 16.7]
Norway 14,7 13,4 13,1 13,1 12,9 12,7 12,5
UK 13.8 12.4 129 144 14.0 143 15.0 14.0
Manufacturing Finland 33 55 9.4 11,4 14,1 11,2 13,9 16,2
Norway 8,0 8,7 10,9 11,4 14,0 11,5 10,5
UK 43 4.7 52 77 92 101 108 11

Sources: ONS, Statistics Norway & Statistics Finland.
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Concl usi on

22. The rate of return (profitability) calculated as productivity tines price
recovery, or as net operating surplus divided by capital stock plus inventory
stock should theoretically be the sane. In the cal cul ati ons done for this
paper that wasn’'t the case. One mmjor reason is probably the different
(gross/net) capital stocks used. Secondly, inventories and | and haven't been
taken into account in the productivity calculations, and thirdly, capita
gai ns should also be a included in the cost of capital. Clearly there is need
for further research into both productivity and profitability at the industry
I evel .
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Annex 1: The Perpetual Inventory Method used in Finland

Finland - as well as all other OECD countries - uses the perpetual inventory
method (PIM to generate an estimate of the capital stocks by accumul ating

I ong series of gross fixed capital formation over their estimted service
lives. Price indexes and assunptions of service lives, survival functions and
depreciation patterns are al so needed.

The survival function of the share of year T's investments still in use at
the end of year t, is assunmed to be:

3 , 1 1/ a g
W, =e)- wt” Y, B
i b

where s=t-T+0.5, E is average service |ife and a is a shape paraneter.

Thus the gross capital stock at the end of year t is:

[*]
GCS = gw.,l,, Eq. (2)
T3 t- Jy+1
where T3t-Ji+1, and I{is the gfcf of year T. Ji=nax{1l.5h¢, 100}, i.e. the

capital assets maxi mum service life is assuned to be 1.5 tines the average
service life, but maximally 100 years.

The net capital stock at the end of year t is calculated using the ’'straight
line assunption:

NCS = §w.I.d ., Eqa. (3

T3t- J+1
wher e d¢.t=0, when TEt-L{+0. 5,
and di.t=1-(1/ E)(t-T+0.5) otherwi se.

Aver age service lives used by Statistics Finland

AN. 1111 Dwel I'i ngs 50 years
AN. 11121 Non-residential build. 20-50 years
AN. 11122 Civil engineering etc. 20-70 years
AN. 11131 Transport equi prment 6- 25 years
AN. 11132 Ot her mach. and equi pnment 5-27 years?®
AN. 1121 M neral exploration 10 years
AN. 1122 Conput er software 5 years
AN. 1123 Entertainment, literary or artistic originals 10 years
AN. 211 | mprovenent of | and 30-70 years

3C Dand Eindustries: yearly dinmnishing service lives (since 1990 0, 4-0, 5%
per year).



