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Problems of finding the most suitable method for the determination
of the velume of investment in the long-run period have not yot been
sufficiently solved. The thsoretical studies and concepts preseﬁted by
a number of authors do not go beyond an ;conometrical“model approach based
on capital: output ratios et cet, zhich cannot be applied in the plaanning
processThis is so particularly because of the "uwodel-character" of such
approaches; even the most sophisticated model is an extreme over-simplifica-

tion as compared zith the actual life and problems of the national econonmy.

Many failures of such theorctical concepts, in my oppinion, are a
logical conclusion of an inproper principal approach to the formulation of
the problem itself As a rule, many authors deal zith investment process
as an independent category: planning and calculating the volume and rate
of grozth of investment is taken as a primary category. As a matter of
fact, the plan of investment can be only derived from ihe general concept
of economic development. The aim of investuent is to provide new capaci-
ties at an amount and structure pre-determined by the long term plan of

production and services.

Which is, then. the specific duty and "field of activity" for

investment planners and investment planning methodology itself?



As far as the long-run is concerned, two main aspects

should be distinguished:

1/ Fixing the material sources of investment/supply

side/; i.e.:

~ construction capacities,

~ capacities of the construction material producersg.
significantly modyfying the construction capacities:

—~ capacities of engineering indusﬁrieé

- lmport limitations:

For the five-year plan, this soﬁrces/input/side is
almost fixed. For the long.run/say, 15 years/, a number of
measures can be taken to adjust the capacities available o

“the volume and structure of investment required, regarding
ugﬁhex limitations of a bésically macroeconomic substance

(maximél rate of investment and other macroeconomic propor-
tions determined by the central political el economic

authorities).

2/ TPFinding the objective criteria and methods of
~determination of investment required.
The investment planning methodology should develop

specific objective criteria and methods by means of which it

is possible:



- 30 determine the volume of investment that must be
necessarily spent if the targets formulated in the
plan are to be met and - simoultaneously - to offer
other alternative solutions if the plan targets are
chaﬁge@, T e : ;

ﬁrto'verify the necessgity of investment voluﬁe, as it
_is claimed by subofdinatea auvthorities in‘the process
of plan preparation, l

- to fix some kind of uppér limits of investment with
regard to the pattern of economic effects that are to

be achieved in the respective branche or sector.

Replacement and development investment differ’ in this
methodological respect significantly. Therefore, they will be

dealt with separately.

Planning the repacement investment

There are two methods of plamning replacement that were
widely used by our planners in the past. Unfortunately, they
are far from any scientific approach - they are rather remnants

“of our "planning folklore".

1/ Met: od Based On Depreciation Rates

The depreciation approach is an typical "folklore in--

heritance". According to it, the dnnual volume of replacement



investment is idggﬁical to the reproduction wvalue of the

written-off fixed assets within the planned period.

The annual depreciatlon rate a /it should be noted,
that the stréight-line method of depreciation is used/ is an
inverse of the estimated service life Ti/assuming the liquida-

tion value is zero/

/Ly a, = ' %. i = i-th group of the fixed assets
.

By means of the group depréciation rates a3 the

average service life of the fixed assets is determined:

.
= OB,
/2/ B = -2
= F,
Lo | il
e
Fi = value of the fixed assets in the i-th group

The average "depreciation service-life" is taken as
identical with the planned service life in the long run.
Thus, the volume of replacement inveétment equals the repro-
duction value of the Ti years old fixed& assets in the i-th.
Zroup .

Which are the disadvantages of such a method? The

criticism concentrates to the function of depreciation rates,



a/ Depreciation rates and depereciation service life
are taken as identical with the planned service life. Conse-
quently, there is no space for alternative solutions, there is
no planning in the proper sens of the word, since everything
is pre-determined by the depreciation rates. The depreciation
rates are, as a rule, fixed for.a rather long period/ in the

CSSR, the current rates have been effective since 1¢57 and are

expected Lo be used until 1980, at least/.

Therefore, the identification of the depreciation rates
with the plan of replacement is a basiéally misleading idea for
the long-term horizon, where alternative solutions and their

comparis ¢u.. are the essence of planning.

b/ The depreciztion rateg are an instrument of the
current economic policy. The financial and fiscal aspects
dominate when the rates are elaborated by the central aubthori-
ties. In the CS8SR, e.g., the current depreciation rates have
been significantly affected by the situastion in 1967. High
profits and inflationary finanbiél resources in the hands of
industrial firms were the back;roﬁnd that lead to a policy-of
high depreciation rates. High rates were to reduce firm's
disposable profits and thus to contribute to - the "tight money

policy"™. The actual service life of the fixed assets/of



machines and equipment namely/ are longer than the deprecia-
tion rates anticipated. Prevailing fiscal criteria embodied
in the depreciation rates make them useless for long~-term

planning.

2/ Replacement Planned By Means of the Fixed Assets Turn-~

over Period -~ Static Approach

The essence of replacement planning, according to this
method, lies on comparing a series of service-life alternatives
and calculating the volume of replacement investment for the
respective alternatives. Such an approach, so far, is qﬁite
correct. The criticism arises if the methods of calculation

of the service life alternatives are analysed.

The average service life ex-post calculated from the

statistical data is defined as:

F

; = t
G
Ft = value of the fixed assets in the t-th year
L, = reproduction value of the fixed assets liqui-

dated in the t-th year.

The meaning of Tt calls for further precision. As a
matter of fact, T is not the actual service life of the liqui-

dated assetsyit is merely the turnover period of the fixed



agsets in the t-th year. 6u., i. _oPF:L ratio becomes permanent
for a long period, the T would become the actual ser

of liquidated assets.

In the long run, the essence of planmning replacement
lies in the determination of altermative magnitudes Bof 5; from
which the volumes of replacement investment for the respective

alternatives are deriveds

; 7 F‘

Tk

The lower T', the higher L' and vice versa.

Formula /4/ reflects the essence of replacement plan-
ning: to confront alternatives of more or less intensive re-
placement in orde: to find the most suitable solution for the
long run with respect to the limitationq The solution adopted
must be consistent with the entire economic plan - this goes

peyond the specific field of investment planning.

However, the method lacks dynamic approach. Conse-
quently, the alternative magnitudes of L' -~ when calculated
by means of form /4/ are not consistent 7o SE LB N Moreover; the
turnover period T defined by equation 73/ is ill formulated,

To0%s



The calculated values of L' as a function of an inde—
pendent; variable T would lead/ in the long run/ to the liQuidan_
tion of fixed assets at the age of T years only in case of
stagnatibn, BN R i ﬁhe volume of fixed assets F remains stable
in the long‘run. In mafxist terms, the forms /3/ and /4/ are
adequate for the case of-simple~reproduction only. This,
obviously, contradicts the real'conditidns and even the essence
of planning/ the aim of planning is to achieve growth, not stagna-
tion/ and makes the method described, despite its advantages as
compared with the "depreciation approach", useless. It is
simply another example of survining approaches inherited from

the pioneering times, another example of our "Planning Folklore",

3/ Replacement Planned By lcans of the Average Turnover

Period ~ Dynamic Approach.

The drawback of the static approach is offset if the
growth factor is included into the formulae. Domar's dynamic
models of the depreciation:repladement and replacement:investu
meﬁf réhios can be applied also for a long term projection of
repiacement investment as a function of variablé turnover ‘

periods Tf as alternative solutions.

Let-us briefly develope the dynamic formula of T and L.



If the annual rate of growth of gross investment/l+r/
is' given, the volume of gross investment of the t-th year Gt
as -compared with the original volume of G at the.time point O
is

/5/ G, = Go/l+r/t

Gross investment of the year "t" are a composition
of replacement Lt(equal to the value of fixed assets liquidated)
and of development investment It/ equal to the net increment of

the stock of fixed assets/:

/6/ G‘t= L‘b+It

From /6/; the replacementy ratio a, can be derived

A e o

Let us assume a given service life T for all the fixed
assets. The volume of fixed assets liquidated in the t-<th year
is, by definition, given by gross investment/ identical with

gross fixed assets'increment/ spent- T years ago:
/8/ Lt = Gt—T

Since, by definition, the investment grow at an annual

rate /l+v/, the groés investment . G_+



ok

(OIS G ony o)
Hence, the ratio
& G, flr/>
i/ LE = t'lé = /1in/~

t=T

Introduecing the replacement ratio ayy We obtain

: L . It 3
/11/ = - = /1+8_t/"

e

Combining. /10/ and /11/:

SX2f . . /1+a,/ =_,f1+:/T,
~The average turnover period of the Tixed assets, if
formula /12/ is used, equals

ibg/l+a/
/13/ LR log/I4r/

T is now a function of the replacement ratio "a" and
of the rate of growth /l+r/. Compared with the "static" for-
mula /4/ the advantages of the dynamic approach reflected by

/13/ can be easily seen.

The volume of replacement investment within a time

interval of "™t" years equals

L/ T
i T fliiif £
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Formula /l4/_explicitely defines the volume of replace-
ment investment as a function of two variables: of the rate of
growth /l+r/ and of the replacement intensity reflected by means
of the average turnover period of the fixed assets T. The magni-
tude T becomes an actual service life of the liquidated assets if
the variables /1¥r/ and T/ which is a function of "a'"/ remain
stablé for a rather ldhg period. In other words4 The turnover
period T -says, that the chosen rate of growth of investment and
the chosen replacement intensity / measured by weans of "a'"/ as
a long term trend can be achieved only if the fixed assets are

liguidated after T years of their service life.

Some  experience has been collected in the CSSR in this
respect., In metallurgical industries, the analysis of the past
‘developmenf in 1950-70 gave the following results / machinery

and equipment/:

Period Replacement Turnover
ratio "a" period T
1951-55 ; 6.243 : 21.4
56-60 ' 7528 26.7
61~65 4,423 4957
66-70 3.076 EBVe

1951-70 4,421 24.2
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Varying values of. T reflect high fluctuations of the
replacement during;the_lasf'ﬁwo'decadés in Czechoslovak metal-

lurgy.

Several alternatives were calculated as a first approxima-

tion for the loﬁg.term”pefspeqtive 1975—1990, for example:

Alternativ§ l:_ The pfoporti@ns of the most intensive
replacement pepidd 196;—65 /Hi.ea with T = 19,7 and r = 8.95%/
ﬁere exténdedzoVeflthe nexﬁ 15 years. This lead to the total
volume of fepiécemeﬁt investment' highér than 30 wld crowns and
total liguid?tidprofiallithe machinery and- equipment operating
in lé?O byﬁtheleﬁd.of the planned period would be a result of

such an alternative.

\ Alternative 2:¢ The proportions of the entire two decades
1950-70 were extended, i.e. T= 24,2 and r = 7,23%. The total
volume of replacemént is by one third lower than in the first

alternative and approximately 70% out of the assets working in

1970 would be replaced by 1990.

Atithe present, we intend to use this method for an
analysis of the long term trends in the replacement in all the
productive brancheg in the CSBR during last 20 years as a first

step to the preparation of the long term replacement projection.
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4/ Aplication of demographical methods /Vigtage‘approach/

Further refinement of the abovementioned method can be
achieved by means some methodological instruments widely used

in the demographical statistics.

The stock of fixed assets and its develooment'behave in
a manner very similar to that of the populaulon. we deal with
such categories as age structure of the assets, procuremenﬁ,

L{quidatlon, age compogition of the assets liguidated et cet.

To use the demographical approaéh, the folowing data
must be available:
a/ The compogition of the fixed assets with respect to
their age in homogeneous groups. For this reason, the asets
muet'h? arpranged into the groups according to.tneir technical
parameters so that in each group only the assets w1th the same
durability and average seﬂv*ﬁﬂ life are 1n:luded.

For instance: Rcad srldges. a/ concrete bridges
b/ steel bridges
¢/ woodden bridges

et cet.
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In each group, the number of the units and values for
evéhyage grqoup are pecorded: For machinery and equipment
/where the service life does not exceed 10 years/ the yearly
groups arc recorded, for the machinery and equipment serving
more than 10 years the jmyeafgfgqoups are sufficient. Struc—

tures are usually recorded in five-year age groups.

b/ The distribution of the liquideted asets in each gzroup
according to their agee.

From the statistical records 7or by weans of random gale
pling/, the number of units liguidated ia each group is obtainw-
ed. The distribution of the liguidated assets can be depict-

ed by the following chart:

' Gfoﬁp: Buldozers | year: 1973
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A = number of units operating
L = number of umits iiguidated
t = age group
¢/ The liquidation coefficients

defined as

h
h L
A
.

h = symbol of the homogenesous group Of assets
By means of the coefficient "r', the voluume of the assets
liquidated in the "h" group of the assets equals

t=q
u :
Boami o By kg
t=1
Provided A and L are expressed in value teris /prices/
the total sum of replacecment investment in an industrial or

other sector is given by sumiilag L with reapect %O "h', i1.208

h=p =g
il , pB aR
=7 2 =4
h=1l L=t

The precision of these calculations highly depends on the

availlability and reliability of the statistical information.



The essence of planning the future replacement in the
long run is then identical with comparing diferent alterna-—

tives of the values of rg a

The subsequent alternatives of r? as a token of replace-~
ment alternatives can be considered, e«g.:

- reduction of the avarage. age Of the assets liquidated
by means of an uniform’ increasyof r% for each age
group 9 _

- total liguidation of old age assels accompanied by
.réducing the r? for low age groups; this policy may
lezd to an increase of the average agé of the assets
linuidated, but- at the same time.bthe average age of
the operating assets uay fall.

- substantial increase of the r? for high age groups, but

" the r?-for low age groups is left unchenged.

Planning theAgevelOpméntrinvestment
At thepresent, a new approach to the problew of Planning
the volume of deveélopment investment required has been deve-

loped in the CSSR-
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The following part of my lecture is devoted %o a ghort

cxplanation of this very interesting method.

Five subsequent functions of development invesgtment in 2
bpanch are distinguished according to the Getoods:

~ securing the increment of production reguired,

- t0 achieve the necessary saving of 1aboﬁr force by
means of substitation,

- gecuring the necessary saving/or gubstitution/ of mate-
pial inputs /power, fuels, raw materials/,

- 0 compensate the iﬁpact on living conditions by Heans
of additional investment?

- t0 compensatie the deterﬁbrating natural conditions,

particularly in mining industries.

The main idea of the method can be formulated as follows:
in each branch the aim of investmeﬁt activity isg not to secure
new productive cagacities /in oprder tO make the increase Of
output possible/ only. More oo less, the other effects men-
tioned above are expected from ihvesﬁment; as welle - The
essence of the method is to calculéte7the‘amount necegsgary Lo
achieve the respective effeqts‘séparately;  The more effects

/functions/ are required, the more investment can be spent in
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the branch and vice VGrégc In such a way, there is a POggim
bility 4o calculate an uﬁper Llimit of investment in every
branche as it is justified by the effects /functions/ expect-—
ed and required. The calculation is based on macroeconomic

figures and made by the central pPlanning body.

The results obtained are confronted with the plan drafis
submitted by branch planning bodies, whose calculations are
- as a rule - made "from below", i.e. they are a summary of
individual projects, feasibility studies et cet. By means of
such a confrontation the plan drafts can be Verified and =
moregover = geome upper limits of investment as a-guideline for
The branch planners in the first stages of the plan prepara-

tions can be fixed.

The volume of investment, as we have said above, is
broken down into separate functions,-. Volumes of investment

necessary t0¢ achieve each effect are calculated separately.

a/ Investment necessary for output inerement.

The total output increment @ is atributed to two
factors:
= One portion of AQ can be achieved by means of non-

iavestment factors —denoted by A an
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- provided the total AQ required exceeds nQ,ps the
rest is to be covered by investment factors/, Qif/,

Hence,
0 Q= L‘.Qni‘ g AQj_f

Qup Ca1 be achived ou cacolsoating assets after exelusion
of permapently idle stauaui:; c.o.acities/ assets/. Idle assets
are, as a rule axonsequeuce 0of T.s shifts in product mix, te-

chnoology or co-operatione

By means of mobilizing the non-investment factors /better
utilization of operatiﬁéﬂcapacities, e better organigzation
et cet,/ the gutput-~capital ratio will changef“-?bovided the
original ratio is | |

B |
/1/ K, = e F,= value of fixed assets in operation

It can be improved in the plan period: the volume of out-
put increases by AQues the stock of assels can by reduced by

retiring the idle assats F .

The capital: output ratio of tne assels operating, that

can be achieved in the planned period Ky eguals

F_=F
z Ko = L e

Let us call K= cap.:ouup. attainable.
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The investment necessarj for securing the second part of
output increment Qif.is.based on the following assumptions
The cap.: output patio of the newly bullt and invested assets
must be az low as the matio K, attainable on the operating

asgets.

Consequently, the fixed assets increment £ ¥y induced by

the lncreased ou£put isg

/5/, \ .L_:\_‘Fl= fof a Kd = Il

A short example demongtrates the method

1975 1980

atato plan
1. Output 44 339 25287
2. Fixed assets 46 778 %
3. Idle £. assets 100 100
4. 4 @ pPlanned: totsl 10 088
5..— non invesﬁ.‘factors | 5 988
6. == /higher cépacity ioad/ | 73300/
7« ==~ /higher shifts coef ./ /3 788 /
8. ~~ /new co-operation/ /1 160/
9. = investuent factors /4=5/ 4. 900

10, -Capital-output ratio attainable
/2"‘5/ H /l+5/ 0090
1l. New assets induced for 4Qye /9210/ 4 410
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The volume Of output iscrement achieved by means of non-
investment fécﬁoﬁs can be estluated thrxugh expert oppinion.
The three main Sburces of achieving & Que are shown in the
tables

b/ Investment necessary for labour force substitution

o

As a starting point, the upper limit of labour force %o
be employed in the branch is given with regavd to the general

Iimited labour force resources, lye

If the productivity Pfodoes not change, the total number
of eumployees necessary f£or tis planned proeduction L. equal
; v b €9
s < =
/47 Lp = /Q +'ng/ 3-8
Since the upper limit of labour forcs planned
>
L, < Iy
The differnce I@ - L /a negative increnent/ is a re=
lative labour force saviag, toat wust ce covered by means of

raising the productivity.

Phe productivity comsist.n: with output and labour force

planned PP, equals

5/ PP? = gLéii%EL-;; m%§~' _ e



It is possible to raise the productivity by means of
non-investuent factors and investment factorsg/ such a break-
~down is only partly identical with investment and non-invest-
ment”factors raising tne’output/.

After having analysed the non-investment sources rais-
ingrproductivity i1t is possible t0 determine the volume of
output AQy, dchiieved without any inerease of labour force
‘and hence the ﬁelétive saving of labour without investment/

ﬁ,Ihp/; 2 ‘

e A" y - Q'BE

16/ "IhP'" . PPq

L : 7 A s A ops s L y
4s a rule, the ALy, is not sufficient/ aly > SR e
The difference mugt be covered by means of labour force gsub=

stitution, i.e. by means of investument:

M7 8Ly = &Ig S ALy

The volume of investuent uged for the labour force sub-
stitution is bésed on normative/ marginal/ investment cost
per un;tryf,labour force Isub‘;

/8/12 b i

g & o sub

Ourfshort_numeriéal example /continued/ demonstrates the



calculations
1975 1980
12. Number of employees. /thous-/ 435 .6 . 432.6
13. Productivity =~ = 05, 129.0
14, J.,P /1 ¢ 13 = 1875/ © 541.5
15, Relative labour saving/l4-12/ ‘ 108.9
164 - non-investment fact. 59.9
17. = investment/subst./ | 49.0
18. Rate of growth of producti-
' vity by non-invest. factors
" 12+ 17/ ., % 113.8
19 Marginal subst. cost/thoug./ 135 .~
20. Substitution:inﬁestment /19x17/ 6 615 ,~

The example reflects the reality of dany Czechoslovak
industries:the absolute number of emplqyees decreases in the
log run aﬁd invespment gpent for labur force substitution
exceed that necessary for increased production (compare 11

and 20).

¢/ Mateprial inputs saving Investment. .

Intensive economic development is impossible without a
conscious economic policy leading to batter use of all the

materigl inputs in the production. Therefore, the plan re-

uires gome material saving Particularly of imported or gen-—
g & ‘ g



rally deficit materials. 4s we have demonstrated in the pre-
ceding paragraph, in case of material saving the investment

and non-investment factors are distinguished.

Material congumption ig measured by means of the material
coefflyhaut deLined as/for original period/
/9/ MMO = Mo Moz total material consumption

Thé plan fixes a new progressive ratio
~Qp

The total volume of relative material saving to be
‘achieved is '

/11/ mwf,-f Qo M, - Q -« il

; ;he material gaving achieved by non-investment
factors: M -isg estimated by expeLt oppinion, the rest /to be
covered bJ mgans of materlal sav lng investument 5\Mf equals

2 ip
o AN e AN
Mj = Al - AN
Given-the marginal /hormative/ investment cost per

unit of mauerlal sav1nc, Imsantne volume of investment indu-
ced by materidl savxmg iz

Fﬁ’ Pl ot

it

migub



Short example continues with the material saving investment:

1975 1980
2l. llaterial coefficient . s8] 5 55
22. Total mat. consumption i 25 057 30 774
2%. Total, congsumption at MMD witee 32 280
24+ Relative mater. saving /23-22/ ' 1 606
25. = non invegtument fact. 1 416
26. = invegtment fact. | 190
27+ Marginal per unlt lnvestment ' 5.60
28, Material gaving investment total/27x26/ 1 064

d/ Investment induced by deteriorating natursl conditions

In windng dndustries, the deteriorating natural conditions
ars demonstrated by two trends:

« it is necessary to mine in worge condition /geological
fac’sor/,

- 1t is necessary to shift to legs favourable Ores.

Both trends are not mecessarily fully offset by improved
technology. Therefore, the'Pér mait investuwent ingreases in
the course of tdme. .

The exact estimate of the investuent induced by both

trends can be made by expert analysis-anly.
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e/ Investment induced by the necessity t0 prevent the dete-~

riopration of living environiment.

The problem of calculating fhese investment is, again,
dependend on exper§ oppinion. However, it is possible %o
elaborate a set of normative tecbnbv-economic indicators as
guidelingsfor plan estiMatés} E.g.; investment cost for smoke-

cleaﬁing‘per LOOMW capacily in the glectrical plants et cet.

Po sum.up the method, the total investment calculgted in

our exaple can be gummarized:

L1975 1980
FPired agscls increment:
29, for output increment/11l/ 0, 4 410
30. Iebour forces subst./20/ 6 615
31, Material saving /28/ : 1 O64
32, Deter. natural cond. 0
33. Living environment 431
34, Total net increment of the assets 12 520
25, Total stoék of fixed ageeté ; 46 778 59 298
%6+ Capital: output ratip/55:l/ 1.04 07

It should be noted, that the capital: output ratio inc-
reases in our exomple despite high efficienecy of investment
/only eificimet subgtitution invéstments are anticipitaded,

the utilization of the capacities increases/ only because of



"'d?"

high share of substitution investment that do not give capa-

city effecto

The example shows clearly the main idea of the method
described: the more separate effects are attributed to the
investment in an industry, the more invesﬁment is Jjustified
there, and vice versa. In such a way, it is possible to for-

mulate the upper limits of invegtment in the branche:

-~ serving as a guideline for the authorities in the
pespective branches when working on thelr own draft
of investment plan » ‘

- giving some guarantes that the investment calculated

will be efficient.



