KOMUNIKACIJE

POTENTIAL G.N.P. ESTIMATION

The main aim of this article is a verification of one method for po-
tential G.N.F. estimation, i.e, estimation of the degree of resource utilisation.
This latter coefficient gives a clear notion of the magnitude of an economy’s

reserves and, in this way, aids the choice of an economic policy. The U.S.
¥

economy's data are used for illustrative purposes.

§ 1. A Survey of the previous theoretical and
cmpirical results

Potential G.N.P. estimation is an instrument for a fairly adequate des-
cription of the economy's production loci under conditions of the maximal
rate of respurce utilisation. The concept of the rate of resources utilisation
is a very subtle and perhaps a vague one because a 100% resource load is
quite impossible both technically and economically.

For this reason two groups of methods in principle can be used with
different degrees of success for potential G.N.P. estimation.

The first group is based — in an ideal situation — on the estimation
of the distance between 100% and actual rates of resource utilisation (1—2).
B'ut in this case it is mecessary to assume the existence of an optimal plan
(in some sense). Therefore, the second subgroup of these methods takes a
step toward reality and overcoming the difficulties in the area of measure-
ment: the rate of resource utilisation is estimated as the difference between
its values in the second best and in the actual economy (3—4).

The second group is also heterogeneous. One of the subgroups is based
on the »ceiling« concept — in an engineering or economic sense — of capa-
city in different industries with subsequent aggregation of capaicties in a

" single number. For this purpose a production function.or inputoutput
method can be used (5—9).

The second subgroup includes the following varieties:

1) indirecr estimation of potential G.N.P, using a polynomial connecting
the potential G.N.P. with the unemployment cate (10—13), quitz independent
from the general production function,

2) potential G.N.P. estimation with the help of a trend for the peak-
-years (Wharton School and Federal Reserve Board methods) (14—15),

e
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3) potential G.N.P. estimation in the general context of a macroecono-
mic production function.

In this case there are iwo main varieties: a) an estimation of ithe
parameters in an exponential polynomial (with the unemployment rate as
an argument) which snake a multiplicative part of a macroeconemic produc-
tion function (16—17); b) an iterative simultaneous estimation of the po-
{ential G.N.P. and the production function's parameters using the residual
in the production function and as a first approximation the Wharton School
estimate of the potential G.N.F. (18). )

All methods in the first group depend to a high degree upon the qualily
of the expert's evaluations and on the exactness of their aggregation. In the
second group the FRB and Wharton School methods assume the aveilability
of fairly exact information concerning peak-years capacities in different in-
dustries and make the results of the entire estimation procedure dependent
upon a trend based on a very small sample. Finally, estimation of the poten-
tial G.N.P. in the context of production function estimation in any case de-
pends in a crucial way upon the general economic assumptions in the theory
of production functions and the concrete form of its specification — condi-
tions much broader than the problem of potential G.N.P. evaluation.

As a net result, we have at our disposal only statistical methods con-
necting potential G.N.P, with the actual rate of unemployment and the rate
of full employment (97%). But here we also must choose between the Black-
-Russell and Phelps procedures (13, 10).

Black and Russell's method first estimates the potential labor-force
through the proportion of employed persons (full employment is equal to
96%), then evaluates long-run demand for the labor force using a two-factor
Cobb-Douglas function with an adaptive mechanism, the introduction of
man-hours data, and finally an application of the resulting fivst order sto-
chastic difference equation to the estimation of the potential G.N.P.

The main advantages of this procedure consist in the presence of the
adaptive elements and in simultaneous estimation both of the potential Jabor
force and potential G.N.P. The method has also two main weak points:

1) the application of a in some degree conditional procedure for the
evaluation of the potential labor force (for this it is necessary to estimate
male employment in the 25—54 age group and the employment of all other
persons aged 14 years and mnore),

2) all results in a crucial way depend upon .the properties of the two-
factor Cobb-Douglas production function. But its shortcomings are well
known and adequacy as a description of the U.S. economy is questionable.

It seems, therefore, that at present time the use of Phelps method is
most expedient because in essence it does not depend upon dubious econo-
mic assumptions.

All empirical results concerning the potential G.N.P. are based on the
concept of fullemployment of labor (96—97%) with a constant traditional
number of shifts, but not on the full use of working time concept (in some
vespects (13) 4s an excepbion because there the number of man-hours is used
for the measurement).

In other words, all contemporary western estimates are based on a
notion about purely economic boundaries of the potential G.N.P.'s size: the
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latter is defined under 96—97% rate of employment and in conditions of
constant number of shifts, traditionally fairly near to 1.

On the other side is situated the motion of dechnical capacity which
in the thirties was applied both to a single branch and to the industry as a
whole (19—21). This concept implies that capacity is defined either conditio-
nally using the full number of working places (then we did not take into
account the technical capacity and the number of shifts) or on the basis of
a 20-hour working day and 310 working days in the year. This latter defini-
tion conresponds fairly well to the technical capacity of an economy in the
emergency case,

An intermediate position is occupied by the notion of a. capacity and
a potential G.N.P. based on the estimation of usable working time with the
constant traditional mumber of shifts. It seems that this concept is most
adequate for G.N.P. estimation when the economy works under normal con-
ditions bul capacity is defined in some interval between its economical and
technical boundaries.

More precisely, the size of the potential G.N.P. in this intermediate
case is defined by the following:

1) the number of shifts must be constant and fairly near 1o its tradi-
{jonal one-shift level,

2) as an instrument for measurement the number of man-hours must
be taken — not the quantity of employed or the working places,

3) all forms of parttime employment must be taken into account: the
mean time of unemployment and panttime employment during the year of
the persons included in the data,

4) in principle all losses of working time during each day can also be
taken intg account.

But the corresponding data for the U.S. economy were not at the
authors disposal.

Thus, under the conception used later the size of potential G.N.P.-due
to the relatively low constant number of shifts — will be essentially larger
than under the evaluation with the help of the unemployment rate, but
much less than the technically feasible »ceiling« of production possibilities.
In this case 3% loss of working lime can be considered as inevitable for
technical and production reasons.

Now we tumm immediately to description of the imodel to a survey of
the results,

§ 2. Phelps model and its application to the estimation of potential G.N.P.
and rates of resource utilisation

Later in the paper we shall use the following notation: ¥, ¥,* — actual
and potential G.N.P, G Yy Yz Uy general rate of resource unhsahon ra-
tes of utilisation for labor force, capital and land respectively.

u, t, loss of working time in percent, unemployment rate.

oyt Ogt Ayt — dlstnubutlon parameters of the national income. (ay + oy -
b = 1)
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According to the definition

)'
Y= Y*‘ =exp (m + by, + e ), 2.1
{

where a, must be choosen so that ¥, = Y, * if u, = 3.00, i.e. under the assum-
ption of °7% employment rate of the labor force.

Using now the wrepresentation:

-3

Y =Y exp(a, + byt + c,ft + dff +£,1) (22)
we get the equation relative to (a, + @), by, e

MY, = a, + a1 + byt + ¢c,f* + dff + ft* + b, + atd, (23)

with the border condition for the estimation of a;:

exp (@ +3b +9a) =1 (24)

(2.1) — (24) are sufficient for the potential G.N.P, estimation for time
intervals without structural byeaks, i.e. on the basis of relatively short time
series. In the presence of structural breaks (for example, the years 1917—19,
1942—1945 for the U.S. economy) we begin to feel which pecularities of the
adopted conception of the G.N.P., definition manifest themselves in the fact
that in a war economy or at times of higly overheated economic activity
both the general rate of resorce utilisation and the rate of capital load can
be greater than 1 (the upper limit is something like 1,05). This is a sign
that for such periods we need some change in the direction of the »technical
ceiling« conception of the potential G.N.P, because in similar situations the
assumption of the constant traditional number of shifts is unacceptable. In
practice this change for such years was taken into account in the following
way: both the general rate of resource utilisation and the rate of capital load
were equated to 1 and the corresponding values of the potential G.N. P were
reestimated.

Thus we come 10 the estimation problem of the resource utilisation ra-
tes. With respect to the labor force nothing can be done because unemploy-
ment data (of either sort) are considered as exogeneous. As far as capital
and land are concerned, a two-step iterative procedure based on the succes-
sive application of the weighted average (with resources’ shares in national
income as weights) can be applied.

Because the general rate of resource utilisation is already known as
a result of potential G.N.P. estimation, and the distribution parameters are
exogeneous data (to be precise, only o, and a, are exogeneous and oy =1 —
oy — ay), we can estimate in the first step the combined rate of capital
and land utilisation:

Yopat = (U — o ) 3 (o + ) (23)

4 Ekonomska analiza
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it is impossible to suggest any unified — o say nothing about mecha-
nical — procedure of estimation for different categories of land in real use.
At the present 1ime we can rely only on very crude expert evaluations. For
example, in the case of agricultural land the rate of utilisation can be very
approximately equated to the agricultural employment rate, and in mining
to the general atilisation rate of capital and land in the economy as a whole;
jie.to ¢, ,, from (25), and so on. In short, U, at the present time can be
represented only as a weighted average of different expert data and must
be introduced as exogeneous information.

Then the rate of capital utilisation can be found in the second step
using (2.5):

P = (Forge — o To) e (2.6)

A computer program for the whole procedure (2.1) —(25) is given
in appendix 1,

Let us now turm directly to the statistical pant — data generation and
a description of the results.

Crucial for the whole estimation are the data on the share of lost
working time. These losses have a two-fold origin: full unemployment and
part-time employment.

The data on the unemployment rate for the period 1900—1947 include
all persons aged 14 years or more, and for the period 1948—1966, 16 years
_ or more. The data are seasonally unadjusted. The sources for the years 1900—
1966 are (22—23); for the years 1897—1899, (24). In the latter case oanly in-

dustry, construction and transport arve represented. The figure for the vear’

1896 is our estimate.

But the figures on the unemployment yate of persons are mot egual
to the percentages of the working time lost by these persons due to the sharp
fluctuations in unemployment duration in the years 1896—1966. Only for the
years 1947—1966 is there direct information on the duration of unemployment
(23). In order to obtfain approximate estimates for the remaining years ws
caloulated the average change in unemployment duration relative to a 1%

change in ubemployment. It happens that the average for the years 1949, .

1951, 1954, 198, 1961, 1964—1966 is equal to 157 weeks) 1% change of unem-
ployment. The application of this coefficient produced plussibla results for
the periods 1896--1920 and 1926—1946, while the technological unemploy-
ment of the twenties was the reason for minor changes in the values of this.
coefficient for the years 1921—1928.

Thus we calculated the equivalent of the unemployment rate of per-
sons expressed as a percentage of the working time lost due to full unem-
ployment.

The percentage of the working time lost due to parttime employment
was derived in the following way. For the period 1929—1966 there were
direct data (25—26) concerning the number of employees and its full-time
equivalent. The ratio of the latter to the former gives an approximate idea.
on the percentage of the working time lost due to part-time employment. The:
word »approximate« is justified by the fact of limited coverage (only em-
ployees). For the years 1914 and 19201928 the figures (27, S. 114) are, per-
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haps, most reliable. Although ihe coverage is limited only by the trade uni-
ons members the data give a direct estimate of working time lost due to
part-time employment. For the remaining years the figures (24) on the per
centage of pari-time employees in industry, construction and transport were
considered as an eguivalent of the working time lost due to part-time em-
ployment. Although the control data (28, p. 257) on the rate of working time
iost in the private sector in the years 1859, 1909, 1919 were comparable with
ours neither in coverage nor method (they are census data), they gave a rough
idea of the plausibility of the results.

The data derived in the way described above are given in appendix 2..

Further, as is seen from (2.5, the estimation ©of the capital utilisation
rate implies the availability of data distribution of national income (in cur-
rent prices) among the factors of production. More precisely, it is sufficient
to estimate only o, The process decomposes in two phases the evaluation of
national income in current prices and the estimation of the income imputed
to the labor force. A more detailed description ‘together with the results is
given in appendix 3.

Now we turn directly to the results. The estimation was made in the
following versions: 1) the main version based on the data on the percentage
of working time lost for the years 1896—1966; 2) the same version with sub-
division into the periods 1896—1914, 1914--1929, 1929—1945, 1945—1966; 3)
compared with western estimates version based on the data on the employ-
ment rate of persons during 1896—1966, 4) the same version with subdivi-
sion into the paniods.

In the main version based on the data for the period 1896—1966 the
equation (2.3) has the form:

InY,= 4247 + 0,0494 + 0,0327¢ + 0,000139 # — 0,0000068 #*,
+ 0,000000067 t* — 0,0163 u, — 0,000054 o*,

o = 00438, o* = 0,0384, v = 00304, t*ap+q = 1049:

1y, = 5,24, t;ﬂ = 0,390, 7} = — 0,520, t}o = 1,33

6, = — 4T3, £, = — 0,503 @0

where (as in the following) t* is Student t-statistic,6*=1,253|n]|, ]nl is the
moduls of the deviations (divided on T — '/2), the ratio o/o* is used as a
criterion for the approximate normality of the distribution, and v is the co-
cfficient of variation.

The equations for separate periods, except the years 18961914, 1946—
1966, produced insignificant t*statistics. In the equation for the period 1946—
1966 the estimators were strong biased upward — probably under the in-
fluence on the higher degrees in the polypomial, In any case, it was impos-
sible to use this equation in order to improve the results {2.7).

In the case with the data on the unemployment rate duning 1896—1966
the equation {2.3) has the form:

4
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MY, = 41925 4 00515 + 003761 — 0,000099 £ +
' 4 0,00000003 £ — 0,000002 £ — 0,0166 2, — 0,00018 2,

o = 0,0344, o* = 0,0301, v = 0,0065, t*  , = 1522,

ap +ay

;;0 = §,12, !'co = 0,373 1;0 = 0,377, I;o = 1,46,

fhy = 5,61 1, = 0,888 , (2.8)
. In the equations for the individual periods only the eguation for the
years 1896—1914 had significant coefficients.

The results of the potential G.N.P. estimation by the equations (2.7)—
(2.8) together with the general rate of resource utilisation are given in table
1. These results already take into account the corrections for the years with
Yz43 > 1 For comparative purposes we present in table 2 American esti-
mates of the potential G. N. P. based on the same data for the labor unem-
ployment rate as our estimate by equation (2.8). Finally, in table 1 are also
given tHe estimates of the capital and land utilisation rates on formula (2.5)
and the above described correction procedure.

Table 1.
Potential G.N.P. and the rate of resurce utilisation in USA 18%6—1966

Calculations based on working Ocslzzl:gg?sygiﬁd
time lost ] rate of labor
Sy | % G 1 dne | dmage e 4
billons of § 1958, ofb;l?gsss

1896 704 60,0 0,850 0,876 0,792 67,1 0,893
1897 71,0 65,7 0,852 0,877 0,79 73,7 0,889
1898 774 67,1 0,866 0,886 0,818 74,3 0,902
1899 774 73,2 0,945 0,937 0,961 76,9 0,952
1900 79,5 753 0,945 0,937 0,959 78,0 0,964
1901 87,4 83,9 0,958 0,945 0,976 85,1 0,986
1902 872 84,7 0,972 0,955 1,000 86,2 0,983
1903 91,7 88,9 0,969 0,952 1,000 90,7 0,983
1904 931 87,8 0,942 0,935 0,956 90,6 0,968
1905 97,0 943 0972 0,957 1000 96 0,978
1906 1093 1052 0,962 0,947 0981 1056 0,996
1907 1113 1069 0,960 0,946 0980 1080 0,900
1908 11227 98,1 0,873 0,391 0845 1087 0,902
1909 1140 1101 0,965 0,949 0992 1145 0,960
T1910 1133 1113 0,982 0971 1,000 1173 0,948
1911 1193 1149 0,962 0,947 0983 1218 0,943
1912 1225 1203 0,981 0,968 1,000 1251 0,960
1913 1290 125 0,968 0,951 0993 1286 0975

s
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Calculationfﬁ.‘t;is Tgs ton working g;l fll;]:{:;?:y;i;id
rate of labor
Yir . ,I b l 73 Y Paaget Ye* | ¥
billons of § 1958 0?;‘3’;@8

1914 131,7 115,5 0,876 0,893 0,844 126,7 0,911
1915 1334 119,0 0,892 0,903 0,874 135,1 0,880
1916 137,8 1357 0,985 0,973 1,000 140,1 0,968
1917 1345 132,5 0,986. 0,976 1,000 136,8 0,968
1918 148,5 1445 0,974 0,957 1,000 146,5 0,991
1919 151,0 146,1 0,967 0,950 0,997 1492 0,986
1920 1484 1444 0,973 0,958 1,000 148,0 0,975
1921 175,0 1410 0,787 0,833 0,730 167,5 - 0,841
1922 1779 1493 0,838 0,878 0,778 162,6 0,918
1923 176,0 169,1 0,960 0,946 0,982 1724 0,981
1924 190,1 174,1 0,915 0,918 0,911 182,1 0,955
1925 1872 1783 0,952 0,941 0,968 182,6 0,976
1926 199,4 189,9 0,952 0,941 0,969 1934 0,989
1927 204,7 191,8 0,936 0,931 0,943 196,5 - 0,976
1928 206,5 194,1 0,939 0,933 0,948 198,9 0,973
1929 2114 203,6 0,962 0,947 0,983 207,1 0,982
1930 199,7 183,5 0,918 0,920 0,915 204,2 0,398
1931 209,1 169,3 0,809 0,848 0,746 2192 0,772
1932 2233 1442 0,645 0,727 0,503 2243 0,642
1933 243,1 141,5 0,581 0,674 0,421 2215 0,621
1934 236,1 1543 0,653 0,733 0,521 2289 0,673
1935 2454 169,5 0,690 0,762 0,576 241, 0,700
1936 253,6 193,0 0,760 0,814 0,678 255,7 0,754
1937 251,0 203,2 0,809 0,848 0,748 254,0 0,799
1938 269,0 192,9 0,717 0,782 0,611 2682 0,719
1939 276,17 2094 0,756 0,811 0,667 2793 0,749
1940 280,6 2272 0,809 0,848 0,750 2859 0,794
1941 297,6 263,7 0,885 0,899 0,865 300,5 0,877
1942 311,1 2978 0,957 0,944 0,979 3071 0,969
1943 345,1 3371 0,977 0,964 1,000 3512 0,988
1944 370,0 3613 0,977 0,964 1,000 364,2 0,992
1945 364,4 3552 0,975 0,962 1,000 360,0 0,988
1946 3254 3126 0,960 0,946 0,986 320,5 0,975
1947 3226 ' 3099 0,960 0,946 098¢ _ 3173 0,976
1948 371,8 3237 0,870 0,889 0,838 3319 0,976
1949 340,3 324,1 0,952 0,941 0,970 341,7 0,948
1950 3749 3553 0,947 0,938 0,961 3704 0,959
1951 399,1 3834 0,960 0,946 0,984 3914 0,979
1952 410,6 3951 0,962 0,947 0,989 403,0 0,981
1953 430,5 412,8 0,958 0,945 0,983 4195 0,981
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Calculations based
on unemployment
rate of labor

Calculations based on ‘working
time lost

¥ I i L% e Paane r* et
billons of § 1958 oFgl?SZS

1954 4332 4070 0,939 0,933 0949 4259 0,955
1955 4677 4380 0,936 0,931 0945 4506 0972
1956 4772 446,1 0,934 0,930 0943 4380 0,974
1957 4857 4525 0931 0,928 0936 4650 0,973
T 1958 4918 4473 0,909 0,914 0,898  480,0 0,932
1959 521,53 4759 0912 0,916 0906 4980 0,955
1960 5344 4877 0912 0,916 0904 5103 0,955
1961 5543 4972 0,896 0,906 0877 5322 0,934
1962 5876 5298 0,901 0,909 0885 5544 0,955
1963 6122 5510 0,899 0,908 0882 5787 0,952
1964 6422 5800 0,903 0,910 0891 6007 0,966
1965 6768 6144 0,907 0913 0,897 6340 0,970
1966 7164 6526 0,910 0915 0901 6699 0,975

Table 2
A Comparison of results with the estimations made in USA
Black- Okun Phelps! (f;iléz%illx] ic)cf Our
Russel - Advisers estimate
bilions of § 1958
1953 — . — 412,8 : — 419,5
1954 — — 423,5 — . 4259
1955 433,0 443 4 44,0 438,8 450,6
1956 447,7 448,5 451,0 454,1 458,0
1957 4643 4574 458,0 470,0 465,0
1958 479,6 488,1 490,6 486,4 480,0
1959 " 4953 498,6 4937 503,0 498,0
1960 514,9 512,7 505,0 521,1 510,3
1961 . 5368 540,2 537,0 539,3 5322
1962 556,6 556,6 544,0 © 5580 _ 5544
1963 . 376,9 580,6 — 5178,6 578,7
1964 5984 602,5 — 602,5 600,7
1965 620,7 6252 — 622,6 634,0

1) Reevaluated in 1958 dollars with the help of a general rate of resource utilisation, i.c.
by the ratio between actual and potential G, N. P. in 1954, dollars,
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These results tead to the following conclusions:

1) The estimates of potential G.N.P. sharply contrast in the dependence
on the assumed conception: the purely economic concept of production pos-
sibilities (potential G.N.P. evaluation using unemployment rate of labor), the
purely technical one (the calculation of technically feasible potential G.N.P.)
and the intermediate concept of the potential G.N.P. estimation with the
help of working time lost under ithe constant traditional number of shifts.
it seems, that just .the latter conception gives an acceptable compromise
between -inconsistent extreme definitions of the production possibilities and
potential G.N.P.

2) The above described algorithm and computer program give the pos-
sibilities of estimation of both potential G.N.P., the utilisation rates of se-
parate primary resources, and the simple procedure of reestimation secures
the consistency of the results. The application of the algorithm did -not de-
pend upon the assumed concept of the potential G.N.P.

3) A companison of different methods (based on ithe same data) in-
dicates fairly good accuracy of our results. Their shortcoming consists in the
impossibility of improving the accuracy by the use of welatively short t¢ime
series.

4) In the presence of an adaptive economic mechanism and with

. corresponding statistical data this method can be used for any economy.

The scope and perspectives of its application will be much greated when an

-iterative procedure will be created for coordination of the potential G.N.P.

estimates for a fairly detailed list of industries because this directly leads to
a oonsistent system of estimates of industrial capacities.

APPENDIX 1
A short description o_f the computer program.

This program is a modification of the more general computer pro-
gram for the cstimation of a multilinear (or one reducible to such form)
regression with autoregressive ‘tranformation of the finst order and a con-
fidence wegions evaluation. -

The sequence of the computation is is the following:

1. The parametens of the main equation:
nY, = a, + a + bt + ct* + d,f + ft' + by, + ady n

are evaluated together with o, o*, v, t* and {*statistics for each coefficient.
The program is fitted for the estimation of the equation (1} if T =< 75, i.e. the
number of observation does not exceed 75. ;
2. From the condition
expla + 3b + 9¢c) = 1 (2)

is estimated ai.
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3. For each year are computed:
Y* = Y,[lexp(a+ b 4 )1 o (3)
b, = Y,/7%, - @
For (4) are estimated the mean, standard deviation, coefficient of variation,
i. e. —@;, oy, Py

4. The rates of growth of the actual and potential G.N.P, are compu-
ted together with their means. standard deviations and coefficients of va-

riation:

Yee,— ¥t _ . -
gy, = —2——, £y, o8, V&Y ' (5)
Y & .
Y=Y
gY; = . y By » O8Yp Vg)’[ . (6)
Y;
5. Then follows the calculation
P — oy ‘l’:f
= : N
‘l’zht oyt 4 g

For the years with §,4+5 > [ it is assumed Yo+54=1 and the reestimation of
Y, for these years is made:

Grt oge e b (o - ota) (8)

6. Finally, a reestimation of the expression (6) follows:

o . .
' YI_;_,—-Y! _ Yigg /9w — Y [ : ©
Y y‘lq"i‘ -

8y}

The output includes: a
1. Gs, be, Co, doy To, by, € together with their t*-statistios.
2.In Y,'calcul_ated, g, aX, v, an

3. Correlation matxix 7

4.7, dy b ou, vy, 8y, o', 08y, OByt YEY, VEY*

5. ‘1’2"}'3:': 4’"1 :Y‘H’ Fy*,s Gg)’,*l,}'gy,*l.

o
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APPENDIX 2. -

Working time Josses in the USA 1396—196'6

Pt chror | Unemployment | SN S workang time

working time, rate of labor lost (%)
1896 9,0 9,0 34 12,4
1897 8,8 9,2 3,5 123
1898 8,4 8,5 30 114
1899 4,8 5,7 15 . 6,3
1900 50 50 13 63
1901 51 24 0,4 5,5
1902 4,1 2,7 04 45
1903 44 2,6 04 48
1904 53 48 12 65
1905 3,6 3,1 0,7 43
1906 51 0,8 0,2 5,3
1907 51 1,8 0,3 54
1908 7.9 8,5 30 10,9
1909 37 5.2 14 5,1
1910 1,3 59 16 2,9
1911 32 6,2 2,1 53
1912 1,8 52 14 32
1913 38 44 1,1 49
1914 6,0 8,0 47 10,7
1915 58 9,7 39 9,7
1916 1,5 4.8 12 2,7
1917 12 4.8 1,2 24
1918 4,1 14 0,2 43
1919 4,6 2,3 0,4 5,0
1920 3,0 40 1,2 4,2
1921 8,0 11,9 8,7 16,7
1922 20 7,6 11,2 13,2
1923 2,0 32 34 54
1924 6,0 5,5 22 82
1925 3,0 4,0 29 59
1926 30 1,9 29 59
1927 4,0 4,1 2,9 6,9
1928 30 44 37 6,7
1929 4,6 32 0,7 53
1930 49 8,7 31 80
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Part-usemploy- i
ment (3 of | Unemployment | CUERCRL o | e e
working time) rate of labor lost (%)
1931 6,0 159 92 15,2
1932 73 236 20,0 273
1933 10,3 24,9 22,3 32,6
1934 9,6 21,7 171 26,7
1935 9,1 20,1 14,7 23,8
1936 8,0 16,9 10,6 18,6
1937 74 14,3 7.8 152
1938 8,5 19,0 133 218
1939 79 17,2 11,0 18,9
1940 71 14,6 §1. 152
1941 6,1 9,9 4,0 10,1
1942 44 4,7 12 5,6
1943 33 1,9 0,3 36
1944 34 1,2 0,2 36
1945 35 1,9 03 38
1946 44 39 1,0 54
1947 4,6 39 038 54
1948 104 38 0,7 11,1
1949 4,7 59 12 59
19507 49 53 13 62
1951 4,7 33 0,7 54
1952 48 38 0,5 53
1953 50 29 0,5 55
1954 54 55 13 6,7
1955 57 44 12 69
1956 6,0 4,1 1,0 7,0
1957 6,2 43 1,0 72
1958 6,6 6,8 2,0 8,6
1959 6,7 55 1,7 8,4
1960 6,9 55 1,5 8,4
1961 72 6,7 22 94
1962 74 55 1,7 9,1
1963 75 57 1,7 92
1964 7,6. 52 1,4 9,0
1965 7,6 4,5 1,1 8,7
1966 77 38 08 .85

e ————— e e ——

¢
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APENDIX 3.
Estimation o, for ths period 1896—1966 for US economy

The process consists of two stages: 1) an estimation of the national
income dn current prices, 2) an estimation of the incomes imputed to labor
force.

1. An estimation of national income in current prices

For the period 1929—1966 there are available data (25—26). For the
years 1896—1929 the G.N.P, volume in 1929 prices in the Department of Com-
mercé concept was depived in (28, p. 251—254). Using the same date the
G.N.P. deflator can be calculated. As an estimate for depreciation the figures
in (29) were taken, and they were controlled by the data in (30) on depre-
ciation in current prices. Then the data on national income in current pri-
ces for the whole period 1896—1966 were derived by a simple substraction
of depreciation at current prices from G.N.P. at current prices.

2, The calculation of the income impuled to the labor force

The data in (28) embraces the whole U.S. economy 1899—1953 with a
separation of the private sector and agriculture. Further, there were data in
(31) concerning the incomes of employees in the private economy during the
years 1899—1929. After 1929 the data on the income of employees for the
U.S. economy can be found dn aeady form in (25—26).

Therefore, it was mecessary to put in comparable form. the. data on
the incomes of employees and to separate from total farm income the part
imputed to the labor force.

During the first operation it was necessary to find the income of em-
ployees in the government sector, including military personnel, for the period
1899—1929, thus to estimate the total income of employees, and then to add
the data for the years 1896—1898.

The income of employees in the government sector was derived in
the following way. The ratio between the number of man-hours of employees
in the government and private sectors as a starting point. This, however, im-
plied the exclusion from the data (28, p. 262) of the number of man-hours
of family workers, mainly in agrictulture. This ratio for agriculture during
1909—1929 was calculated using data in (32, 1962), and for the years 1890,
1900, 1909, according to the ratio of fammers and family workers with the
following interpolation: Summing up the numbers of man-hours of employees
in the non-agricultural sector and agricultural family workers, it is possible
to estimate the satio of man-hours of employees in the government and
private sectors.

Tn order to take into account the difference in the salaries of em-
ployees in the government and private sectors we used the direct estimates
for the years 1913—1927 (33, p. 476) and the data from the forties (34). All
these data indicate that the difference was something like 1/5. For 1899 and
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1909 the ;:’aﬁio was dndirectly controlled using Census of Manufactures data Income imputed to the labor force in USA @, 1896—1966 (current prices)
on wage-bills. i '
Thus it was possible to evaluate the income of employees in the go- come of . . . R
vernment sector an%o then the total income of employees 1:iuz):}mg 1899—19g29. Years t;;:floyces in g? ‘f;;?g;ég; ZF %211,01;] ?f,’;ﬂ: (;l;s,tfl ;n%g{c «
The income of employees for the years 1897—1898 was calculated from ‘ private cconomy "
1899 as a starting point, using the data (24, p. 455) on employment in indu- (billons of §)
s construction and transport together with the index of the yearly wage
Oifr{,he full and part — t«imcf cmplog&ees (27, s. 32) and thtf :bovjt’a dezcribgd ) 1896 : - - 8,34 12,058 0,692
scheme for the income estimation of employees in the government sector. 1897 7,02 7417 9,16 13,335 0,686
The estimation of the farming income imputed 1o the labor force a, 1898 748 7,96 9,92 14,007 0,708
was carried out in the following way: 1899 7,72 8,21 10,17 15,774 0,645
1. The national income originatimg'ﬁn agriculture in 1929 prices was 1900 8,26 8,81 10,79 16,978 0,635
alculated with the help of the data on agricultural G.N.P. in 1929 prices
?28, p. 255), 52;\’5(1:16 h'};e I;ndfvolume of«agri;ﬂtu‘ml capital (33) (these Iiat.ter 1501 8,91 248 15,17 18,935 0,590
data were necessary for the estimation of depreciation). The agricultural-na- 19502 9,79 1040 12,51 19,714 0,634
tional income for 1896—1929 in 1929 prices was then converted te current 1903 10,55 11,21 13,26 20,945 0,633
prices. Further, on the basis of the data (28, p. 247) on the incomme share of 1904 10,77 11,50 13,73 20,856 0,658
}he labor J.El)(;‘f:eL 1;1 tz:;fzriril;:utltural fnalional aJilxzicome,}othzzzs total hslum‘ of lﬂ?r; 1905 11,85 12,64 14,85 22,981 0,644
income was distribu etween farmers em €es Tou roportion
to .tile sh':re of fa;'nily workers, and for somep ygars 3thegin)c,lilr)ecf control 1906 12,83 13,68 15,01 26,337 0,570
through the sum of wages and salaries was carried out. 1907 1349 1441 16,60 21,170 0,598
2. For the period 1929—1966 the calculation was carried out on the 1908 12,07 12,96 15,52 25,044 0,620
basis of the available data (25—26), the information concerning the wage-bill 1909 13,92 14,'95 17,88 28,279 0,632
of agricultural employees during 1947—1965 (34) and the share of labor in- ) 1910 14,90 16,04 18,99 30,379 0,625
come equal to 0,70 of the agricultural national income. In the rest the sheme ) 1911 15,01 16,17 18,22 31,162 0,585
from the years 1897—1929 was repeated. .

* 3. Thus derived agricultural incomes imputed to the labor force were 191? 15,88 17,13 20,29 34,031 0,596
added to ‘the incomes-of employees, although between time-series 1896—1929 o 1913 17,18 18,55 20,76 35,565 0,584
and 1929—1966 remains some difference due to the inclusion of the supple- : 1914 16,75 18,25 21,07 32,880 0,640
ments 40 wages beginning in 1929 (equal in that year to 131%.of the 1915 17,40 18.95 21,69 34,974 0,620
wage: t’)lii}e): results of this procedure are given in the table below. 1916 20,88 22,61 25,35 45,485 0,558

K 1917 24,58 28,50 33,05 54,374 0,608

Central Economic-Mathematical B. N. MIKHALEVSKY } 1918 30,02 37,00 42,01 68,981 0,609
Institute, Academy of Sciences Y. I. POKATILO. ; 1919 34,47 39,75 45,11 71,023 0,634
of the USSR ’ &= 1920 41,76 46,15 51,30 80,014 0,641

v 1921 ) 32,30 35,60 37,40 66,821 0,560

: 1922 33,71 37,20 40,31 67,193 0,600

1923 40,35 44,50 47,88 78,579 0,609

) 1924 40,02 44,30 47,58 80,005 0,595

“" 1925 41,43 45,87 49,82 83,576 0,596

ig 1926 44,37 48,95 52,39 89,343 0,586

: 1927 4437 49,17 52,71 87,980 0,599

1928 45,13 49,90 53,58 89,652 0,598

1929 45,50 50,44 54,85 95,227 0,576

1930 — 46,85 49,62 82,394 0,602

1931 — 39,75 42,02 67,962 0,618

1932 — 31,06 32,62 50,680 0,636
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Income of . . .
Years |prmnicyies of amployess | of abor foree | onal Tocome |
(billons of §)

1933 - 29,55 31,30 48,648 0,634
1934 — 34,30 36,23 58,220 0,622
1935 —_ 37,35 40,25 65,37fl 0,616
1936 — 42,91 45,50 75,444 0,603
1937 — 47,93 51,30 83,289 0,616
1938 — 45,00 48,10 71,379 0,622
1939 — 48,11 51,25 83,227 0,616
1940 — 52,13 55,34 92,175 0,600
1941 — 67,78 69,18 116,320 0,594
1942 — 85,26 91,64 148,114 0,618
1943 —_ 109,55 117,22 181,342 0,646
1944 — 121,21 129,03 199,080 0,648
1945 — 123,10 133,31 200,682 0,664
1946 — 117,85 ‘ 127,78 198,620 0,643
1947 — 128,89 139,01 219,104 0,634
1948 — 141,13 154,56 243,072 0,636
1949 — 141,03 150,57 239,934 0,628
1950 ~ — 154,57 163,67 266,426 0,614
1951 — 180,69 192,78 307,209 0,627
1952 — 195,31 206,68 322,306 0,640
1953 —_ 209,11 218,90 338,920 0,646
1954 — 207,96 217,04 336,607 0,645
1955 —_ 224,48 232,79 366,486 0,635
1956 — 243,06 251,40 385,167 0,652
1857 — 256,00 264,26 404,045 0,654
1958 —_ 257,82 267,81 " 408,396 0,656
1959 — 279,09 287,54 442285 0,650
1960 — 294,23 303,20 460,326 0,658
1961 — 302,64 312,30 474,853 0,658
1962 — 323,63 333,50 510,355 0,653
1963 -— 341,00 350,99 537,902 0,653
1964 — 365,66 375,13 575,664 0,652
1965 — 393,93 405,53 621,618 0,652
1966 — 435,72 447,52 679,182 0,658

10.
11.

12,

14.
15.

16.
17.
18.

19.
20.

21.
. U.S. Governement "Printing Office, Historical Statistics of the United

23.
24.
. U.S. Department of Commerce. The National Income and Product Ac-

26.
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DYNAMIC PROGRAMMING AS A POTENTIAL PLANNING TOOL
1. The Scope of the Paper

This paper attempts to present some facts and examples relevant to
the claim that dynamic programming is a potentially useful planning tool.
1 say »potentially« because first of all I am not entirely convinced that it is
-useful, although the more experience I gain the more convinced 1 become,
and secondly dynamic programming has such a short history of application
in economic planning that evidence on this point is not plentiful. True, such
venerable researchers as Stone and his colleagues (1) made recourse to it
Tiriefly during the early stages of the Cambridge Growth Project, but this
by itself hardly justifies the case for dynamic programming.

The important thing when investigating a new tool or technique is to
-obtain plenty of practical experience by using it. As Nemhauser has said,
»It is absolutely necessary to solve problems to understand dynamic pro-
gramminge (2). Over the past fifteen months, I have been endeavouring to
achieve just this aim by applying dynamic programming to some of the
problems which have occurred during research being carried out by the Na-
tional Economic Planning Unit at Birmingham University. The main empha-
sis of this research, as several publications show (3), (4), -(5), lies in the
field of large optimization models, which are being solved using various
dlecompositional techniques.. As we shall see later, dyrmamic programming
‘becomes rather inefficient” when applied to large systems, generally losing
out to more established techniques.

One cannct help getting the feeling when using dynamic programming,
however, that such an inhersntly usable approach must have advantages
for certain planning problems. The ease with which it can be used to obtain
solutions to problems for which previously only approximations were pos-
sible quickly convinces the planner that there is something worth investi-
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gating here. Dangers loom large for the researcher who unwittingly strays
too close to the boundaries of reasonability, or the user who expects too
much too soon, and such hazards may be sufficient to persuade the impa-
tient that no further effort is justified. This is not the opinion of this writer.

I hope to show, with the aid of three simple examples, that there are
grounds for continuing to devote time and effort to the study of dynamic
programming as a possible planning tool. This problem solving approach
is supported by no less an authority than Bellman, the father and discoverer
of dnamic programming, who said, »At the present time, we possess a num-
ber of powerful mathematical techniques for the analytic and computational
solution of classes of problems in the field of mathematical economics. What
is mow needed is a systematic exploitation of these methods to provide a
backlog of solved problems which will guide our subsequent research« (6).

Since this statement, many applications have been made, but the ma-
jonity seem to have been in fields other than economics. It is hoped that

_this paper will redress the balance slightly by looking at three problems

from inventory, allocation and capifal budgeting. ‘The approach throughout
is simplified where possible so as not to confuse the non-mathematical plan-
ner, although we are doing our best at Birmingham to eliminate this species.
Tn the inventory problem especially, this' means looking at a problem usually
as stochastic-continuous in a deferministic-discrete way. By so doing; fre-
quency functions and the like are avoided, and the essential features of dy-
namic programming are that much clearer.

The more discerning planner might also criticise the models in one or
two cases. I would probably support him were that the purpose of this paper,
but it is not. The approach is to be considered above all else, and discussions
of the models must await another opportunity. When speaking a foreign
language, it is reassuring to know at least something about the topic of
conversation, so that the learner can concentrate on the grammar; the mo-
dels, are, therefore, familiar and uncomplicated.

One more point which must be made is that I have _some qualms
about my passport being valid for the country in which I fxnd myself. Eco-
nomica contains far too many regions where the dialect is incomprebensible
to a simple mathematician. I trust that the reader will forgive the odd crude
phrase here and there, and that my strange tunn of tongue allows the es-
sentials mevertheless to come through.

Before beginning the treatment of the three examples, a few intro-
ductory remarks on dynamic programming in general are probably in or-
der. Firstly, the term itself is often misleading to the casual reader. Per-
haps recursive optimization or sequential programming would better de-
scribe what is aotually going on. The problem being considered need contain
no reference to time, as »dynamic« might imply, although many of the plan-
ning problems suitable for treatment are naturally of this type.

To take the novice further, the next words he must Jearn are stage,

-state, return, and decision. The following diagram contains all four, and
speaks for itself:
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