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Productivity Measurement and Some Suggestions

by Chumphot Suvaphorn

1. Productivity measurement

By utilizing the Solow method, we have to assume the

followings:
There is an aggregate production function of the type

a) i
Q = A{(t)f(K,L) (1
where Q represents output per period, X and L represent homogeneous
capital and labor inputs, and A(t) measures the accumulated effects
of shifts in the productizn fm-tion

b) The explanation of A(t) is quite controversial among
economists.}/ If we differentiate eqhation (1) we can derived the

usual expression as

q _ A, Ky, (L
g % A 5% [ K ] St {L]
or G(A) = G(Q) - S, 6(K) - S G(L) (2

By taking G(A)} as the residual left by all other inputs, we call

this residual as the growth in
""total factor productivity"

Y Griliches proved that this part is meaningless because
it is just compiling error or census incompleteness.



¢) 1In most developing countries, the main problem is

that the data are unreliable.

even to small errors.

For example,

(6(Q*e,} = {(Syruy) (6(R)+e ) (S +uy) (G(L)+e )

= { G(Q-5,6(K)-5,6(L)} + {e,~(Sye, + S e))

L

-(ulG(K)+u2G(L)—(u1€1 * U,e,)}

Residual =

= (true
€4 = error
£ =  error

2
£ =  error

3
My = erxror
My = error

Since, £y < (the last three small brackets), then, there is a tendency
to underestimate the productivity.

all the terms in the distortion part cancel out or are negligible.

2. Price movement and

residual) + {(distortion terms)
from output measurement
from capital measurement

from labor measurement
of the capital sharse

of the labor share

index problems

Alternatively, we can utilize the Solow method by. replacing
the real term with the money term. Laspeyres and Paasche price

indexes are alternatives fcr measuring price movements.

pective indexes are:

The residual will be quite sensitive

5S¢ the bravest assumption is that

The res-



X
L = Lo
P X
oo
P X
p = 11
Poxl

a) both kinds of index are imperfect as representations
of price movements. While the Laspeyres price index underestimates
the rise in the cost of the original standard of living, the Paasche
price index overestimates it. The true index is somewhere between

-both kind ¢f indexes.

b) The problem with the Laspeyres index arises if the
same weights are used over a number of years, such as up to 10 years.
If we want to compare the Laspeyres cost-of-living index in year

10 (Llo) with that in year 9(L9) we find

L P,

et =

L PQX

0

It would be a coincidence if this measured the ratio of
the costs of producing any level of utility at prices P10 and Pg,

for the quantity weights may have become totally irrelevant.

3. Divisia index as a proper deflator

By using the concept of compensating variation (CV),"we

can illustrate this as :-



When the prices increase from PO to P., the income

1!

compensation is m My OT X {in term of consumer goods), then

=5
=

|

= x or 9£ = x. (c= )
- ap —it = m

>
=)

¥ oP’
v = cj'é‘gdp = (/lei dP, (3)
Pa 4p P

Further transformation can be applied by replacing P with
a chain-linked index (D) and m by x. A Divisia index can be re-

presented as:-

-m (minimum compensation cost)



dinp (4)

)
™
<

[ 213
.
-t
o
=2}

[

where D = 1zt (i=1,..... n)

subject to Evi =1,

In order to make a proper weighting system, vy should
be the proportion of the expenditurss spent by the consumers on
a fixed basket., Somctimes, v, can include the dﬁality édjustment
of the items. This Divisia index is linearly homogeneous in all

prices i.e.

v
)

o
]

v Y v
. 1 2 3 n
glkl} {»p (APS) ....(an}

V, +V_ +,,..,.+V
- A 172 n (D)

= D

i.e., .f all pfiées increase at the same rate (say,)},
then, Divisia incex will be the vest index in capturing this infla-

tionary trend. Eauation {3) can bz transformed into

= o
W o= ) e (5)

This can Le a useful tool in adjusting real income during
the time of inflatic: in place of the usual Laspeyres cost-of-living
index whick cumulati.ely s~derectimated the effect. From the

equation (4) we can derive fuvthor:



1]
™~

or d1lnD

In the discrete period (monthly, quarterly or annually),

a closer approximation to a Divisia index would be achieved by

computing
: 0.0 1.1y 1
pt = §,{ 1 B L 1 fifi__.\ Ei. (6)
P2 £ 90 2 5 ‘lxl } pO
Y Pi¥; Pi% /%
.00 . .
where, Zpixi = total expenditure on time ¢
e 1.1 . .
piXy = total expenditure on time 1
0.0
Pi % . .
Y = proportion of total expenditure spent
Ipox, . .
i'i on good i at time o
i1
i% |
—3 = proportion of total expenditure spent
Lp. X, . .
Pi% on good i at time 1

1

‘Then, the bracketed term is the weighted average betwecn

timg 0 and 1.




.~ [For year 2 the index can either be derived by equation

(6) or using the chain-linked method as

p2x1
DZ - Dl i i '
Pi%y
3 .4
the same for D", D', ............ . and so on.

4, Interpretation of productivity

Generally, total factor productivity is defined as
"costless' advances in applied technology, managerial efficiency
and industrial organization in which we can interpret this

'costless” advances as

a) The ért of arranging thg sequence of raw materials
with other inputs durinnghe process bf production. This will
depend on the managerial or organizing ability of the decision maker.
Economically,:this art or skilfulness can be quantified as the

multiplicative terms (A} in the production function.

b) In the aggregate form, the measurement of total
factor productivity might not be useful because of compiling errors
as already suggested in (lc¢). So this concept should be better
applied to thé micro-level by studying the working hours, the
utilization of capital equipment, the managerial skill in problem

solving, etc.



<)

However, if the 'total factor productivity" is

calculated from the time series data in the aggregate form, the

proper interpretations of these residuals should be the ''technolo-

gical progress" or the '"adaptibility” of local manufacture to the

foreign technology.

5. Cross-Sectional Analysis of the Productivity in Some

Selected Industries

From the Industrial Census of 1571 and 1974, the following

four-digits industries are grouped according to the ISIC system

10,

11.

Food (3112, 3113, 3114, 3116, 3117, 3118, 3111, 3115,
3119, 3121, 3122) -

Beverage (3131, 3132, 3133, 3134)

Textiles (3211, 3213, 3212, 3214, 3215, 3219)
Apparel & related products (3220)

Leather & leather products (3231, 3233]‘
Footweéf (3240)

Lumber & wood products (3311, 3312, 3319)
ﬁ;fniture & fixtures (3320)

Fulp, paper products (3411, 3412, 3419)
Printing & publishing (3420)

Chemicals & chemical products (3511, 3512, 3513,

3521, 3522, 3529, 3523)



iz,

13.

14.

15.

16.

17.

18,

19.

Petroleum § coal products (3530, 3540, 3560)
Rubber products (3551, 3559)

Stone, clay & glass products (3610, 3691, 3620, 3692,

3699)

Primary metal products (3711, 3712, 3720)

Fabricated metal products (3811, 3812, 3813, 3819)
Non-electrical machinery (3821, 3822, 3823, 3825, 3829)
Transportation_equiéﬁeﬁts (Sé;}; 33§?, 5843,‘3844,
3845, 3849) | . |

Instruments & related products (3850, 3901, 3902, 3903)

With a proper weighting technique assigned to each class,

the homogeneous effective labor unit is derived. The main assumption

is that there is no change in wage structure institutionally between

1971 to 1974. The reported ddta of actual labor employed in the two

census years of individual firms are corrected by these derived

weighting parameters.

A. Value Added (V)

~ The following items are included in the estimation of the

value added for each reported firm :

1.

Payroll of operating establishments, .: ‘!

2. Supplements:to payrolls.

[
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3. Payroll in control administrative offices, sale depart-

ments § auxiliary establishments.
4. Imputed salaries of proprietor of unincorporated firm.
5. Depreciation.

6. Rent.

B. Tested Criteria

The criteria which is used to test the validity and the

reliability of each report is the simple equation.

y = £ (w) where y = %— , W o= -

The relationship between the value added per labor-capita
(y) or the ﬁverage ﬁroduétivity and the real wage (w) is typically
stioﬁé among firms. This relationship is based upon the neo-classical

L } ’
marginal productivity theory (_,MPPLdL = WL}

Out of our sample of thirty industries,. thirteen are delated
by this criteria, another seven industries are further deducted by

R2 adj. statistics. Table 2 will describe the details.

The explicit forms of the productivity-wage relation are

presented here as :



Computed v, F - statistirs,'hzadj, paramete ' b_

Table 2

(1971, 1974)

13

Type of industry y F b, Rzadj

Dairy products 43,639 2.8 .66 .31

(3113, 3114) 52,077 7.9 .91 .26
Leather § leather products 28,109 24.7 [ 1.0 65
(3231, 3233) 42,429 3.5 .75 .38
Footwear 15,924 5.0 .63 28
(3240) 5,077 2.7 | .59 22
Misc. Chemical 17,977 112.14 | .92 .74
(3521, 3522, 3529) 17,757 21.9 | .43 .20
Petroleum § coal products 32,823 | 1,063.8 {1.06 | .98
(3530, 3540, 3560) 49,039 118.3 | 1.06 .82
Glass 163,961 20.6 |2.4 75
(3620) 22,014 19.2 [1.2 60
Cement 37,917 13.7 .58 .25
(3692, 3699) 17,074 6.5 | .52 19
Iron § steel 35,327 12.2 11.62 .51
(3711, 3712) 17,547 8.0 | .50 .22
Transportation equipments 36,475 11,5 .49 ¢ .22
(3841, 3842, 3843, 3844) 65,095 23.3 | .66 .34
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in whicli they are graphically illustrated as in Figure 1.

figu;o 1
(a) - (b}
w nw b > 1
/ )
. bo =1
b <1
//"-/f//
',APPL , . _.Zn APPL
iinear form log~form

The log-linear form (2) is much better than the usual linear
. form in. terms of Rz -statistics and F-ratio for most incustries.
Certainly, the b0 -value indicates the degree of responsiveness:between

the real wage and the average productivity of the labor. For,

<=
[a RN
¢ie
it
o

Since, both forms {1 § 2) are subjected tc the simultaneity
problem, then, any interpretation has to be very careful and strictly
apply to the local problem instead. As a tested criterid, the equa-

tions (1 & 2) are quite good in discriminating the reported data

whether by low_RZadj. or F-ratics,



6. Modification for proper interpretations

13

Before the interpretations following this analysis, another

step is required to improve such comparision between the two census

years.

in explaining the labor productivity.

The participation of the new capital stocks is quite important

Table 3 will tell the average

*
fixed capital stock in this ten industries to take into account the

importance of such capital-formation,

Table 3

Productivity and Capital Stock

bahts

value in
Type of industry y . K
1971 1974 1971 1974
.Dairy products (3112) 43,639 | 64,313 {11,678,875 |23,397,304
Fruit § vegetable & food camning | 12,777 | 52,088 601,718 | 7,378,300
(3113, 3114)
Leather § leather products 28,105 {42,429 | 2,534,845 (13,369,697
(3231, 3233)
Footwear (3240) 15,924 | 5,077 | 4,629,107 { 2,304,470
Misc. Chemical (3521,3522,3529) |17,977 | 17,757 | 2,884,098 | 3,077,446
Petroleum § coal products 32,893 | 49,039 | 60,555,856 |85,267,551
(3530, 3540, 3560)
Glass (3620) 16,396 | 22,014 45,857,652 | 17,641,443
Cement (3692, 3699) 57,917 | 17,073 | 24,355,474 | 15,841,651
Iron & Steel (3711, 3712) 35,327 | 17,547 | 35,617,974 | 43,864,027
Transportation equipments 39,475 | 65,095 6,262,881 | 6,849,786
(3841, 3842, 3843, 3844) : !

* The average fixed capital stock is the average book-value of the
fixed asset reported by each establishment within the industry.
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We can recompute the data presented in Table 3 as the

series of indices. Table 4 will further show the indices of

capital-asset, labor employment and factor intensity.

Table 4

Indices of Capital and Labor

(3841, 3842, 3843, 3844)

Type of industry - 4 Factor
- 1971 1974 | 1871 (1974 | Intensity

Dairy products (3112) 100 | 209 | 100 | 90 [K-intensive
Fruit & vegetable & food canning 100 ;1,228 | 100 | 391 |K-intensive
(3113, 3114)
Leather or leather products 100 527 | 100 | 205 [K-intensive
(3231, 3233)

 Footwear (3240) 100 50| 100 | 65 .
Misc. Chemical (3521,3522,3529) 100 107 | 100 '89 K-intensive
Petroleum § coal products 106 141 100 91 |K-intensive
{3530, 3540, 3560) e
Glass (3620) 100 38 : 100 | 113 ilL-intensive
Cement (3652,3699) 100 65 | 100 57 -
Iron § Steel (3711, 3712) 100 123 | 100 | 121 -
Transportation equipments 100 109 | 100 75 [K-intensive

Eventhough the results from the third column shown the

evidence of capital-intensive technical change; but the interpretations
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must be very careful in term of reported firms. The bias of the
1974 Census may arise from the lack of small establishment in the
Census. Those big firms tend to over estimate their fixed assets

in order to have tax-exemptions and other previleges from BOI.
The labor productivity index is presented in the Table §

using v of 1971 as the base year.

Table 5

Labor Productivity Index

Type of industry 1971 1974
Dairy products {3112) N 100 147
Fruit § vegetable § food canning (3113,3:14) _ 100 407
Leather & leather“products (3231;3233) 160 151
Footwear (3240) 100 32
Misc. Chemical (3521,3522,3529) 100 99
Petroleunm § coal products (3530,3540,3560] 100 149
Glass (3620) | . 100 § 132
Cement (3692; 3699) o 100“ 45
Iron § Steel (3711, 3712) 100 50
Transportation equipments (3841,3842,3843,3844) 100 165




16

7. Interpretations

The following conclucions can be derived by such inclusion

of the growth of capital stock.

1. High productivity seems to occur in the high-digit in-
dustries for the 1971 Census, however, the structure is changing
quite rapidly such that the reverse happening in the 1974 Census

(with the exception of ISIC 3841, 3842, 3843, 3844)

2. Most of the industries aré trying to improve their
productivity by increasing the amount of capital stocks (see column
1 and 3, Table 4). These industries under ISIC 3112, 3113, 3114,
3231, 3233, 3530, 3540, 3560, 3841, 3842, 3843, 3844 are much improved

by such expansions.

3. The highest values of the average labor productivity
are the transportation equipments (3841, 3842, 3843, 3844), dairy
products (3112}, fruit § vegetable § food canning (3113, 3114), |
petroleum & coal products {3530, 3540, 3560; and leathef &‘1eather o

products_(3231, 32331,

‘4. Since, our labor productivity is the value added
concept, then, the unproportional rise bstween y and k (= %5 can
also cause by the discrepancy between reported price of fixed assets
and the actual computed.rental cost of the capital (fixed asse;;)f
However, if the reported data is true, then, capital have béen invested

with inefficiency, hence, high cost in many industries.
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For thoe conclusiene, the opeort ol tho labor procuctiviey
withir the cross-sectinnal analysis can be utilized to explain the
level of cencentration within each .ndustyy, the size of the capital

stock .r tae capital-intensity and the art of factor combination.

The ab.ve analysis is a modest attewpt to view the structure of

the Thni menufacturing sector in te:m of the labor productivity.
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