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ABSTRACT
Diewert (2015) develops simple expressions for the exact relationship between value added
TFP growth and gross output TFP growth. These expressions suggest that the magnification
factor relating the two TFP growth measures is approximately equal to the share of primary
inputs in total costs. We apply these simple approximations to data on Australian
industries, finding that they tend to provide very close approximations over short time
periods, but are less reliable over longer time horizons. We find that magnification factors
vary significantly across industries so that the results of comparative studies can be quite
sensitive to the choice of output measure chosen to construct TFP. In particular, industries
in which intermediate inputs account for a large share of total inputs exhibit much smaller
TFP growth (in absolute value) compared to industries where intermediate inputs are
relatively unimportant when gross output is used to construct TFP measures rather than

value added.

IT HAS LONG BEEN KNOWN THAT the mea-
surement of total factor productivity (TFP)?
can be sensitive to the choice of input and out-
put measures. Researchers have previously
derived mathematical relationships between
TFP calculated using value added to measure
output and TFP calculated using gross output
(Schreyer, 2001; Balk, 2009). In the preceding

article, Diewert (2015) presents new expres-

sions relating these two approaches to measur-
ing TFP growth under Laspeyres, Paasche, and
Fisher index number frameworks which are
simpler than those previously available in the
literature. The gross output TFP growth rate is
equal to the value added TFP growth rate mul-
tiplied by a simple magnification factor. The
magnification factor is the share of primary

inputs (capital and labour) in total input use?

1 The author is an economist with the Centre for the Study of Living Standards. The author is grateful to
Andrew Sharpe, Erwin Diewert and Jasmin Thomas for insightful comments. Email: matthew.calver@csls.ca

2 The term “total factor productivity” is more commonly used by academics while statistical agencies tend
to refer to “multifactor productivity” (MFP). The two terms refer to the same concept, the extent to
which output growth exceeds input growth. To avoid confusion, we will always use the term TFP in this
article except when providing the name of our data source.
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multiplied by the ratio of the growth factor* of
primary inputs to the growth factor of all
inputs.’

This article addresses two questions arising
from the mathematical results of Diewert (2015).
Diewert shows that the share of primary inputs in
total input use will yield a close estimate of the
magnification factor under the assumption that
the ratio of growth factors of primary inputs and
total inputs will be close to one (i.e. no change in
the share of intermediate inputs), and it is sug-
gested that a simple average of the Paasche and
Laspeyres magnification factors will be approxi-
mately equal to the Fisher magnification factor.
This raises our first question, how accurate are
these approximations in practice? Our second
question is how sensitive are comparisons of TFP
growth across industries to the choice of output
measure? While the theoretical effect is obvious,
we examine whether magnification factors vary
enough across industries in practice that this
should be a concern in practice.

We explore these empirical questions by con-
structing magnification factors using industry
level productivity data from Australia between
1994 and 2013 and then comparing these to each
other and to approximations constructed using
the formulae developed by Diewert (2015).

Methodology and Data

Most of the calculations in this article use for-
mulae from Diewert (2015) which we shall

briefly describe. For simplicity, we adopt Diew-
ert’s notation.® For ease of interpretation, the
magnification factors which we calculate are the
reciprocal of those presented by Diewert. This is
so that we can discuss the share of primary
inputs in total input costs rather than its inverse.

Diewert (2015, equation 13) derives an exact
relationship between gross output TFP growth
and value added TFP growth between two years,

year 0 and year 1, in a Laspeyres index number

framework:
0
1_ T (A-sply
- ) 0
Voo Tua sy T+ (1=s,)Ty

where 1/797 is the magnification factor, m; is
the growth rate of TFP based on gross output,
T, is the growth rate of TFP based on value
added, Tx8 is the growth factor of primary
inputs, I'y, is the growth factor of intermediate
inputs, S% is the nominal share of intermediate
inputs in total input use, and (1 —S/(;) is the
share of primary inputs in total input use. A
superscript 0 indicates that the value from the
initial period, period 0, is being used.

This expression has a very simple interpretation:
gross output-based TFP growth is equal to value
added-based TFP growth multiplied by the “con-
tribution” of primary inputs, (1 —s;)l"x, to the
growth factor for all inputs, s(ﬁ),,l"M +(1 —s(ﬁ),,)l"x.
If intermediate inputs make no contribution to
total input growth (i.e. the share of intermediate
inputs s zero), then the TFP growth rates based on

3 In nominal terms, the value of all inputs is equal to the value of gross output. The share of primary inputs in
total input use is equal to one minus the share of intermediate inputs in total input use.

4 A growth factor is equal to 1 plus the growth rate. For example, let y, represent income at time t. A

growth rate of income of 4 per cent between years t and t+1 corresponds to a growth factor of

Yeer/ Ve = 1.04.

5 In a Paasche index framework, the magnification factor is the share of primary inputs multiplied by the
ratio of the growth factor of gross output growth to the growth factor of real value added growth. The
Fisher magnification factor can be approximated by taking an appropriately weighted average of the

Paasche and Laspeyres magnification factors.

6 For consistency with the terminology used in Diewert (2015), we will refer to the term as a magnifica-
tion factor even though it scales down the value added-based TFP estimates in this article.

7 v is the Greek letter “gamma” (lowercase).

8 T is the Greek letter “gamma” (uppercase).
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value added and gross output will be identical. If
primary inputs make a very small contribution to
total input growth, then the growth rate of TFP
based on value added will be considerably larger
than that based on gross output. Note that the
absolute value of the TFP growth rate based on
gross output will always be smaller than that based
on value added provided that the growth factors of
primary and intermediate inputs and the share of
intermediate inputs in total inputs are all positive,
which will almost always be the case.?

Notice that the magnification factor can be
broken down into two multiplicative terms, the
share of primary inputs in total input costs,
(1 —S/(;) , and the ratio of the growth factor of

primary inputs to the growth factor of all inputs,

T'x

0 0 . If this ratio of growth fac-
syly +(1=5,)Ty

tors is not equal to one, then this implies that the
real cost shares of primary inputs and intermedi-
ate inputs are changing through time.1% Diewert
(2015) points out that if the growth factors of
primary inputs Iy and total inputs
S(A),,FM +(1 _S(A)/I)FX are very similar, then their
ratio will be close to 1. This will happen if both
growth rates are fairly small in absolute valie, for
example. Consequently, a simpler approxima-
tion will often be sufficient. The magnification
factor is approximately equal to the share of pri-
mary inputs in total input use at time 0:

Tg 0
— = (1-5sy)
Ty "
Notice that this approximation implies that the
growth rate of TFP based on gross output will
normally be less in absolute value than that based

on value added. Intuitively, the ratio between the

real value of gross output and the real value of all
inputs will be closer to 1 than the ratio between
value added and primary inputs because the
former is identical to the latter, but with some
positive real value of intermediate inputs added to
both the numerator and denominator.1!

Suppose, for example, that primary input
grows by 1 per cent, value added grows by 2 per
cent, and gross output grows by 2 per cent. In
this case, value added-based TFP would grow by
1 per cent. Notice that gross output-based TFP
must grow by less than 1 per cent. Why?
Because gross output is equal to value added plus
intermediates, and both gross output and value
added grow by 2 per cent, it must be the case that
intermediates grow by 2 per cent as well. If
intermediates grow by 2 per cent and primary
inputs by 1 per cent, then the growth rate of all
inputs must lie somewhere between 1 and 2 per
cent, depending upon the relative importance of
primaries and intermediates. This means that
TFP growth under gross output will be no
higher than TFP growth under value added,
lying somewhere between 0 and 1 per cent. If
primary inputs account for most of the input
costs, then TFP growth will be closer to 1 per
cent. If intermediate inputs are very important,
TFP growth will be closer to 0 per cent. Gener-
ally speaking, any change in the ratio between
value added and primary inputs is weakened by
adding the same amount of intermediates to
both the numerator and denominator in a gross
output framework, bringing the TFP growth
rate closer to 0 per cent.

We apply approximations of the Laspeyres,
Paasche, and Fisher magnification factors to
Australian data at the industry level taken from
the Australian Bureau of Statistics (ABS) Esti-

9  For this not to be true, there would either need to be non-positive quantities of inputs or non-positive prices.

10 Since the share of primary inputs in total input costs is equal to the ratio of primary input costs to total
input costs at time 0 and the second term is the ratio of the growth factors of primary inputs and total
inputs, the magnification factor can also be interpreted as simply the real cost share of primary inputs in
total input costs at time 1 (i.e. one minus the real share of intermediate inputs in total input costs).

11 Of course, both ratios will be exactly equal to one in the base year, as the nominal value of gross output
is equal to the nominal value of total inputs in this year.
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mates of Industry Multifactor Productivity.!?2
Only the Laspeyres results are presented in the
text, but the results under Paasche and Fisher
frameworks are included in the online appen-
dix.13

In practice, the ABS uses chained Laspeyres
quantity indexes for gross output, intermediate
inputs, and real value added and chained Torn-
qvist-Theil indexes as their index number formu-
lae for primary inputs. This means that our
formulae will produce results which are inconsis-
tent with the official TFP estimates produced by
the ABS because the ABS used a different index
number approach to construct their TFP esti-
mates. To avoid this problem, we treat the data
from the ABS as “true” estimates of economic
activity and use these to perform our own calcula-
tions of TFP growth under Laspeyres, Paasche,
and Fisher frameworks. In particular, we take the
ABS cost shares of intermediate inputs and
growth factors of primary inputs, intermediate
inputs, and gross output as given and aggregate
these data to construct growth factors for value
added and total input. Note that this means that
the magnification factors we construct under the
Laspeyres and Paasche frameworks will be exactly
the same as the ratio of gross output-based TFP
and value added-based TFP by construction. The
advantage of this approach is that we can examine
the relative contributions of the two components
of the Laspeyres and Paasche magnification fac-
tors and the reliability of the Fisher approxima-
tions and be confident that any errors are related

to the accuracy of the approximations rather than

inconsistency between what we are approximat-
ing and the data we are using.

To assess the accuracy of the approximations,
we calculate the deviation of an approximation
from the actual magnification factor as a per-
centage of the actual magnification factor.

We will compare the magnification factors
using the TFP estimates of the ABS to those
which we generate given the underlying ABS
data using Paasche, Laspeyres, and Fisher
aggregation methods when examining the
robustness of these magnification factors to the
chosen index number framework.

Our analysis will be split into two time peri-
ods, one short and one long, in order to explore
the accuracy of the various approximations
under different time horizons. Intuitively, one
would expect that the assumptions underlying
the approximations are more likely to hold over
shorter time periods. The first time period con-
siders the annual change in 2012.14 The second
time period is 18 years long, from 1994 to 2012.
This is the longest time period available from

the data source we are using.

Results
A One Year Period, 2011-12

First, consider the shorter time period from
2011 to 2012. The underlying data on the
growth rates of gross output, primary inputs,
intermediate inputs, and total inputs is pre-
sented in Table 1.

Table 2 presents the growth rates of TFP based

on gross output and value added and the magnifi-

12 Specifically, we use an index of gross output from Table 16 (to calculate I',), and index of combined labour

and capital inputs from Table 11 (to calculate T’y ), and index of intermediate inputs from Table 18 (to calcu-

lated Ty, ), the cost share of intermediate inputs from Table 19 (to calculate s?,, and 5,1,, ), gross output-based
TFP from Table 15, and value added-based TFP from Table 1.

13 The online appendix is available at www.csls.ca/ipm/29/calverappendix.pdf. The methodology for the
Paasche and Fisher calculations is reviewed in a short appendix at the end of this article.

14 The ABS reports industry TFP data over fiscal years beginning in April and ending in March, so it is tech-
nically 2011/12 - 2012/13. For brevity, we will refer to time periods by the first year only in the text
(ie, 1994/95 will be referred to as simply 1994), as most of the time period falls within that calendar

year.
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Table 1

Growth Rates of Inputs and Output, 2011-2012, and Cost Share of Primary Inputs,
2011 and 2012, Australian Industries

Nominal Cost Share
of Primary Inputs in
Growth Rates (%) Total Input Costs
Value Added All Inputs

Gross (Laspeyres | Intermediate | Primary | (Laspeyres

Output | Aggregation) Inputs Inputs | Aggregation) 2011 2012
Sector (1) (2) (3) (4) (5) (6) (7)
A Agriculture, Forestry and -0.60 -0.62 -0.58 -0.81 -0.67 0.41 0.41
Fishing
B Mining 5.86 8.61 2.23 14.42 9.18 0.57 0.53
C Manufacturing -2.02 -2.56 -1.81 -1.94 -1.84 0.28 0.28
D Electricity, Gas, Waterand | 1.19 0.66 1.67 -0.20 0.79 0.47 0.48
Waste Services
E Construction 3.02 2.14 3.41 0.43 2.49 0.31 0.31
F Wholesale Trade 0.07 2.39 -1.99 2.68 0.21 0.47 0.48
G Retail Trade 1.88 3.87 -0.85 -0.24 -0.50 0.58 0.59
H Accommodation and Food | -0.77 -0.45 -1.07 0.54 -0.29 0.48 0.49
Services
I Transport, Postal and 2.69 3.27 2.22 2.15 2.19 0.45 0.44
Warehousing
J Information, Media and 1.72 -0.44 3.49 3.46 3.47 0.45 0.46
Telecommunications
K Financial and Insurance 4,18 3.70 4.99 -0.73 1.38 0.63 0.62
Services
L Rental, Hiring and Real 2.72 4.51 1.00 0.25 0.63 0.49 0.49
Estate Services
M Professional, Scientific 2.85 3.90 1.75 2.35 2.06 0.51 0.52
and Technical Services
N Administrative and 0.44 1.20 -0.49 -2.44 -1.56 0.55 0.54
Support Services
R Arts and Recreation 0.05 0.60 -0.30 2.01 0.60 0.39 0.38
Services
S Other Services -3.45 -3.85 -2.99 -0.18 -1.50 0.53 0.52

Note: Column (2) =100*[[1+(1)/100]/(6) - [1+(6)]*[1+(3)/100]/(6)-1] and Column (5) = 100*[[1+(3)/100]*[1-(6)]+

[1+(4)/100]*(6) - 1].

Source: Author’s calculations using data from the Australian Bureau of Statistics Estimates of Industry Multifactor

Productivity.

cation ratio between them under a Laspeyres
framework. Notice that the magnification factors
are considerably less than one for all sixteen indus-
tries under consideration. This indicates that TFP
growth is much smaller in absolute value if mea-
sured using gross output. For example, the magni-
fication factor of 0.409 in agriculture, forestry, and
fishing means that TFP growth is about 2.44 times
greater (the reciprocal of 0.409) when measured
using value added than when measured using gross
output. We should emphasize that TFP growth is

smaller in absolute value when measured using
gross output, but the growth rate for gross output-
based TFP can still be better if TFP growth is neg-
ative. For example, accommodation and food ser-
vices has a TFP growth rate of -0.48 per cent based
on gross output, but -0.99 per cent based on value
added. Thus, using value added does not necessar-
ily mean that the measured TFP growth will be
better, but only that it will be larger in terms of
absolute value (i.e. further from 0).

72

NUMBER 29, FALL 2015



Table 2

Magnification Factors, Gross Qutput-Based TFP Relative to Value Added-Based TFP
in Australian Industries, Laspeyres Index Number Framework, 2011-2012

Magnification Components of
TFP Growth Rates Factor Magnification Factor
Ratio of
Growth
Ratio of Factor of
Gross Output-| Cost Share | Primary Error of
based to | of Primary | Inputs to |Primary Cost
Gross Value |Value Added-| Inputs in Growth Share
Output- Added- based TFP |Total Input | Factor of | Approxima-
Based (%) |Based (%) | Growth Rates|Costs 2011 | All Inputs | tion (%)
(6) =
33)=81)/ 100*((4)/
Industry ) @ |@=@*G)|  “ (5) (3)-1)
A Agriculture, Forestry and Fishing 0.08 0.19 0.409 0.41 1.00 0.14
B Mining -3.03 -5.08 0.597 0.57 1.05 -4.58
C Manufacturing -0.18 -0.63 0.280 0.28 1.00 0.10
D Electricity, Gas, Water and Waste 0.40 0.86 0.465 0.47 0.99 0.99
Services
E Construction 0.52 1.70 0.304 0.31 0.98 2.05
F Wholesale Trade -0.13 -0.28 0.482 0.47 1.02 -2.41
G Retail Trade 2.39 4.12 0.582 0.58 1.00 -0.26
H Accommodation and Food Services -0.48 -0.99 0.484 0.48 1.01 -0.83
I Transport, Postal and Warehousing 0.49 1.10 0.450 0.45 1.00 0.04
J Information, Media and -1.70 -3.77 0.450 0.45 1.00 0.02
Telecommunications
K Financial and Insurance Services 2.76 4.47 0.617 0.63 0.98 2.13
L Rental, Hiring and Real Estate Services 2.08 4.25 0.488 0.49 1.00 0.38
M Professional, Scientific and Technical 0.77 1.51 0.511 0.51 1.00 -0.29
Services
N Administrative and Support Services 2.03 3.73 0.545 0.55 0.99 0.90
R Arts and Recreation Services -0.55 -1.39 0.395 0.95 1.01 -1.38
S Other Services -1.98 -3.68 0.537 0.53 1.01 -1.32

Source: Author’s calculations using data from the Australian Bureau of Statistics Estimates of Industry Multifactor

Productivity

The two multiplicative terms which deter-
mine the magnification factor are presented in
Table 2 (columns 5 and 6) to highlight the rela-
tive importance of the cost share of primary
inputs (the initial importance of intermediate
inputs) and the primary input growth factor rel-
ative to the growth factor for all inputs (the
change in the importance of primary inputs in
real terms).

The relationship between the share of primary
inputs in total input costs and the magnification

factor (the first factor) is intuitive. Suppose that

primary inputs account for about half of the value
of total inputs and that there was positive value
added TFP growth in the industry (this was the
case in rental, hiring, and real estate services over
the 2011-2012 period). This growth in value
added-based TFP which is linked to increased
productivity of primary inputs will be “watered
down” when considering gross output because
primary inputs only account for a fraction of total
input costs in gross output. For example, if pri-
mary inputs only account for half the inputs in
gross output, then gross output-based TFP
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Chart 1

Nominal Share of Intermediate Inputs in Total Input
Costs, 2011, and Magnification Factor, 2012,
Australian Industries
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Source: Author’s calculations using data from the Australian Bureau of Statis-
tics Estimates of Industry Multifactor Productivity. Magnification factors

produced using a Laspeyres framework. Labels correspond to the industry
codes listed in Table 1.

growth should only be about half that of value
added-based TFP growth (a magnification factor
of about 0.50), which is approximately what we
observe in rental, hiring and real estate services.
Similarly, if primary inputs accounted for one-
third of total input costs, then gross output would
only be expected to have TFP growth one third as
great as that observed using value added (a mag-
nification factor of about 0.33). The general rule
is that the magnification factor is roughly equal to
the share of primary inputs in total input costs in
the base year provided that primary and interme-
diate outputs are growing at similar rates. As
intermediate inputs become more important, the
magnification factor falls, indicating a greater dif-
ference between gross output-based and value
added-based TFP estimates.

As expected, the ratios of the growth factor of

primary inputs to the growth factor of all inputs

15 This simple rule of thumb performs similarly well under a
considered (see Appendix Table 1 in the online appendix).

tends to be close to one so that the share of real
intermediate inputs in total input costs remains
fairly stable through time. Consequently, the
cost share of primary inputs attends to be a good
approximation of the magnification factor, with
an error of less than one per cent in magnitude
in most industries.!

The notable exceptions are mining and
wholesale trade, where the respective errors are
about 4.6 and 2.4 per cent. The relatively poor
performance of the approximation for mining is
due to growth in primary inputs which was quite
a bit faster than growth in all inputs in the indus-
try. This second factor is also somewhat intui-
tive. Notice that it is related to the first factor,
the share of primary inputs in total input costs.
If primary inputs grow faster than all inputs, the
real share of intermediate inputs in total input
costs falls through time, reducing the absolute
value of gross output-based TFP growth relative
to that of value added-based TFP growth.

The cost shares of primaries, and hence the
magnification factors, vary considerably
across industries. Financial and insurance ser-
vices had a very high share of primary inputs
in total input costs of 0.63 in 2011 (Table 1).
Consequently, TFP growth is only about 63
per cent as fast in this sector if measured using
gross output rather than value added. Manu-
facturing and construction had the lowest
shares of primary inputs in total input costs of
0.28 and 0.31 respectively, which results in
TFP growth being about 3.6 and 3.3 times
greater when measured by value added.

In most cases, the magnification factors range
between 0.4 and 0.6, implying that the value
added-based TFP estimates are usually between
1.7 and 2.5 times higher than gross output-based
TFP estimates. It is important to be aware of
this if comparing results generated using the two
different approaches. Such results are compara-

Paasche framework when short periods of time are
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Table 3

Growth Rates of Inputs and Output, 1994-2012, and Cost Share of Primary Inputs,

2011 and 2012, Australian Industries

Cost Share of Primary
Inputs in Total Input
Growth Rates (%) Costs
All Inputs
Gross | Intermediate | Primary | (Laspeyres
Output Inputs Inputs | Aggregation) 1994 2012
Sector (1) (3) (4) (5) (6) (7)

A Agriculture, Forestry and Fishing 46.4 22.7 -0.8 13.1 0.36 0.41
B Mining 82.7 56.7 244.4 163.7 0.56 0.53
C Manufacturing 28.6 32.8 11.3 26.8 0.32 0.28
D Electricity, Gas, Water and Waste Services | 23.2 18.6 92.3 53.2 0.58 0.48
E Construction 139.8 133.9 82.1 117.8 0.31 0.31
F Wholesale Trade 111.6 138.3 31.8 88.3 0.53 0.48
G Retail Trade 53.9 16.0 43.4 31.9 0.45 0.59
H Accommodation and Food Services 62.1 63.0 34.9 49.5 0.41 0.49
I Transport, Postal and Warehousing 73.8 58.4 58.6 58.5 0.40 0.44
J Information, Media and 123.8 137.9 106.5 123.8 0.42 0.46
Telecommunications
K Financial and Insurance Services 138.8 131.6 68.1 91.6 0.62 0.62
L Rental, Hiring and Real Estate Services 52.7 47.7 179.8 112.4 0.42 0.49
M Professional, Scientific and Technical 136.1 133.5 107.4 120.2 0.40 0.52
Services
N Administrative and Support Services 90.2 139.5 66.1 99.2 0.42 0.54
R Arts and Recreation Services 76.3 70.3 94.7 79.8 0.36 0.38
S Other Services 45.7 46.9 45.2 46.0 0.44 0.52

Source: Author’s calculations using data from the Australian Bureau of Statistics Estimates of Industry Multifactor

Productivity.

ble, provided that one knows the appropriate

magnification factor.

A Longer Period, 1994-2012

Over longer periods of time, the real share of
intermediate inputs can change enough that the
growth factors of primary inputs and all inputs
can begin to diverge significantly so that the
general rule of the magnification factor being
approximately equal to the cost share of primary
inputs in the base year is less useful. Table 4 pre-
sents the same results as Table 2 (using a
Laspeyres framework) over the 1994-2012
period.1® One can see that the errors arising

from the primary cost share approximation are

often sizable, as large as 38 per cent in wholesale
trade and 27 per cent in rental, leasing, and real
estate services, reflecting the fact that real pri-
mary inputs grew much more slowly than inter-
mediate inputs in the former sector (32 per cent
compared to 138 per cent) and much more
quickly in the latter (180 per cent compared to
48 per cent). This generally suggests that over
longer periods of time, one should be more cau-
tious in using the cost share of primary inputs in
the initial year as an approximation of the mag-
nification factor (the real share of primary
inputs in the end year). The change in the share
of intermediate inputs is more likely to be rele-

vant over longer time periods.

16 The underlying data are presented in Table 3, which is analogous to Table 1.
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Table 4

Magnification Factors, Gross Qutput-Based TFP Relative to Value Added-Based TFP
in Australian Industries, Laspeyres Index Number Framework, 1994-2012

Magnification Components of
TFP Growth Rate Factor Magnification Factor
Ratio of
Growth
Ratio of Factor of
Gross Output-| Cost Share | Primary Error of
based to | of Primary | Inputs to | Primary
Gross Value |Value Added-| Inputs in Growth | Cost Share
Output- Added- based TFP |Total Input | Factor of |Approximat
Based (%) | Based(%) |Growth Rates|Costs 2011 | All Inputs | ion (%)
(6) =
3)=(1)/ 100*((4)/
Industry (1) @ |@=&*G)| % (5) (3)-1)
A Agriculture, Forestry and Fishing 28.1 90.0 0.313 0.36 0.87 15.2
B Mining -30.2 -41.0 0.737 0.56 1.32 -24.0
C Manufacturing 2.1 7.3 0.283 0.32 0.88 13.2
D Electricity, Gas, Water and Waste
Services -23.6 34.2 0.691 0.58 1.19 -16.1
E Construction 10.1 38.8 0.259 0.31 0.84 19.7
F Wholesale Trade 16.4 42.6 0.384 0.53 0.72 37.9
G Retail Trade 20.0 39.7 0.503 0.45 1.12 -10.5
H Accommodation and Food Services 7.0 19.3 0.365 0.41 0.89 12.3
I Transport, Postal and Warehousing 9.6 24.1 0.400 0.40 1.00 -0.1
J Information, Media and
Telecommunications -0.4 -1.1 0.386 0.42 0.92 8.8
K Financial and Insurance Services 24.2 44,7 0.542 0.62 0.87 14.4
L Rental, Hiring and Real Estate Services -24.9 -43.0 0.578 0.42 1.38 -27.4
M Professional, Scientific and Technical
Services 5.9 15.8 0.372 0.40 0.93 7.6
N Administrative and Support Services -8.9 -26.5 0.334 0.42 0.80 25.6
R Arts and Recreation Services 1.6 -4.0 0.391 0.36 1.09 -8.0
S Other Services -0.4 -0.8 0.437 0.44 0.99 0.7

Source: Author’s calculations using data from the Australian Bureau of Statistics Estimates of Industry Multifactor Pro-

ductivity.

TFP Growth Comparisons and
the Choice of a Value Added

or Gross Output Measure
We have seen that the choice of value added

and gross output can lead to significantly differ-
ent growth rates of TFP (Chart 2), with the
absolute value of TFP growth in a value added
framework always greater than TFP growth in a
gross output framework. This relationship is
useful as a reference point when comparing the
results of studies which use the two different
output measures. However, policymakers are

often more interested in the relative productiv-

ity performance of industries rather than the
absolute level of productivity growth. If TFP
growth in the manufacturing sector in a country
is 3 per cent in a given year, is this good? Such
questions are usually considered by making
comparisons to the TFP growth of:

1. Other sectors within the country over the
same period, especially the average perfor-
mance across all industries;

2. The historical performance of the sector of
interest within the country;

3. The performance of the same industry in

other countries over the same time period.
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Chart 2

TFP Growth by Industry,Australia, 2000-2012

(per cent)
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Source: Author’s calculations using data from the Australian Bureau of Statistics Estimates of Industry Multifactor Pro-
ductivity. Estimates produced using a Laspeyres framework.

Since relative TFP performance is often of
greater interest than the absolute level of
growth, the choice of a gross output or value
added metric may not be all that important pro-
vided that magnification factors are reasonably
similar across industries, space, and time.!7

However, we have already seen that there is
considerable variation across industries in
terms of magnification factors, reflecting dif-

ferences in the relative importance of inter-

mediate goods in the production process. This
can translate into sizable discrepancies
between value added-based and gross output-
based estimates of TFP growth relative to that
of the construction sector. Chart 3 and Table
5 presents the magnification factor of each
Australian industry as a per cent deviation
from the (approximate) magnification factor
of the construction industry for TFP growth
between 2000 and 2012.18 These figures indi-

17 In particular, the relative performance of TFP growth in industry i of country a at time t compared to TFP
growth in industry j of country b at time s under a gross output framework is realted to the relative perfor-
mance under a value added framework by the ratio of the two magnification factors:

Tjst! _ “Twaitd _ d
(nVA,i,t,a) (”G,z',s,b) ( 1 )
Tvaj,s b Tyajs b s,

18 Industry magnification factors calculated exactly using Laspeyres index number formulae, rather than
using estimates of gross output-based TFP and value added-based TFP from the Australian Bureau of Sta-
tistics. The construction sector represents a somewhat extreme example in that it has an unusually high
share of intermediate inputs in total input costs.
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Chart 3

Deviation of Industry Magnification Factors From That of Construction,

Australia, 2000-2012

(per cent)
Mining
Electricity, Gas, Water and Waste Services
Rental, Hiring and Real Estate Services
Financial and Insurance Services
Retail Trade
Other Services
Arts and Recreation Services
Professional, Scientific and Technical Services
Accommodation and Food Services
Wholesale Trade
Agriculture, Forestry and Fishing
Administrative and Support Services
Information, Media and Telecommunications
Transport, Postal and Warehousing
Manufacturing

Construction

o

100 150 200 250

Source: Author’s calculations using data from the Australian Bureau of Statistics Estimates of Industry Multifactor Pro-
ductivity. Estimates produced using a Laspeyres framework.

cate how much greater an industry’s deviation
from the performance of the construction
industry will be under a gross output frame-
work. In some cases, differences relative to the
construction sector are increased signifi-
cantly. For example, growth in financial and
insurance services relative to that of the con-
struction industry would appear 129 per cent
greater if gross output were used rather than
value added for the TFP estimates. This
means that if value added-based TFP grew 1.4
times as quickly in financial and insurance ser-
vices than it did in the overall economy using
value added, than it would only grow 0.6 times
as quickly using gross output — the choice of
output measure would actually change which
of the two industries has the higher TFP
growth (see Chart 2).

Since construction had the lowest magnifi-

cation factor over the 2000-2012 period

(0.24), reflecting its low intermediate input
share, the absolute value of its TFP growth
rate relative to that of any other industry with
positive TFP growth will always be lower
under a gross output framework. Importantly,
this does not mean that an industry with a rel-
atively high magnification factor will neces-
sarily appear to have better relative TFP
performance when compared under a gross
output framework. If construction had experi-
enced negative value added-based TFP
growth and was compared to another industry
which had negative value added-based TFP
growth, then construction would appear to
perform relatively well when using a gross
output-based TFP measure.

Chart 4 highlights that historical compari-
sons of TFP growth within industry can also
be significantly different under value added
and gross output frameworks. Suppose that we
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Chart 4

Deviation of 2000-2012 Magnification Factors from the 1994-2000
Magnification Factors Within Australian Industries

(per cent)
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Source: Author’s calculations using data from the Australian Bureau of Statistics Estimates of Industry Multifactor
Productivity. Estimates produced using a Laspeyres framework.

wanted to compare the growth rates of TFP in
each industry between 2000 and 2014 to those
between 1994 and 2000. The results can vary
with the choice of output measure by as much
as 30 per cent in some industries such as min-
ing, agriculture, forestry, fishing and hunting,
or construction.

Although we do not explore the issue here, the
impact of choosing a value added-based or gross
output-based TFP measure for comparisons of
industries across countries could also be
assessed. This could easily be done using the EU
KLEMS database, for example.

Conclusion

The decision to employ a gross output or
value added measure of output when calculat-
ing TFP growth can have a significant effect
on the results. In particular, using value added
tends to amplify the absolute value of the TFP

estimates, resulting in estimates which are
between 2 to 3 times as large for most indus-
tries. Productivity researchers must be clear
as to whether their TFP estimates are based
on value added or gross output, and policy-
makers must be careful to note the distinction
when comparing results from different stud-
ies. When assessing relative performance
across industries or time, it is important to
keep the choice of TFP measure in mind. In
principle, this could be an issue for compari-
son of productivity across regions or countries
as well, although we leave that as an empirical
issue for future exploration.

Over short time horizons, the share of pri-
mary inputs in total input use provides a very
close approximation to the magnification fac-
tor relating gross output and value added TFP
measures, so it can serve as a simple way to

evaluate the sensitivity of results to the choice
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Table 5
Comparison of Relative TFP Growth, Gross Output-Based TFP vs Value Added-Based TFP,
Australia, 1994-2000 and 2000-2012

Comparing Industry in
Comparing Industry to | 2000-2012 to Itself in
Magnification Factors |Construction Sector (%) 1994-2000 (%)
Relative to
Construction
Industry 1994-2000|2000-2012 | 1994-2000 | 2000-2012 | Absolute Sector
A Agriculture, Forestry and Fishing 0.32 0.40 0.94 1.66 1.24 1.77
B Mining 0.57 0.73 1.67 3.06 1.28 1.83
C Manufacturing 0.31 0.27 0.90 1.15 0.89 1.28
D Electricity, Gas, Water and Waste 0.57 0.63 1.66 2.62 1.10 1.58
Services
E Construction 0.34 0.24 1.00 1.00 0.70 1.00
F Wholesale Trade 0.43 0.40 1.25 1.69 0.94 1.35
G Retail Trade 0.48 0.52 1.39 2.15 1.08 1.55
H Accommodation and Food Services 0.38 0.41 1.11 1.72 1.08 1.54
I Transport, Postal and Warehousing 0.41 0.37 1.19 1.56 0.92 1.32
J Information, Media and 0.42 0.38 1.22 1.58 0.90 1.29
Telecommunications
K Financial and Insurance Services 0.57 0.55 1.67 2.29 0.96 1.37
L Rental, Hiring and Real Estate Services 0.46 0.55 1.34 2.30 1.20 1.72
M Professional, Scientific and Technical 0.37 0.42 1.07 1.77 1.16 1.66
Services
N Administrative and Support Services 0.45 0.40 1.32 1.65 0.87 1.25
R Arts and Recreation Services 0.37 0.44 1.08 1.84 1.19 1.70
S Other Services 0.44 0.46 1.29 1.90 1.03 1.48
Market Sector Industries 0.41 0.44 1.00 1.00 1.07 1.00

Source: Author’s calculations using data from the Australian Bureau of Statistics Estimates of Industry Multifactor
Productivity

of TFP measure or to compare studies which
use different output measures. However, over
longer time horizons we find that this approx-
imation is less reliable because there can be
significant changes in the share of intermedi-
ate inputs in total input costs, implying that
the change in the real share of intermediate
inputs should be considered when evaluating
the relationship between value added-based

and gross output-based TFP growth.
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Appendix

The Relationship between
Gross Output-based TFP and
Value Added-based TFP
Growth: Paasche and Fisher
Frameworks

SIMILAR TO THE LASPEYRES CASE, Diewert
(2015, equation 28) derives an exact expression
under a Paasche framework (equation 28). The

magnification factor in this case is:

* 1
1 _ L (1=sTy
T T 44 1. ,—1.,71
Y Ty (ST +(1=5,)0 ]

where an asterisk (*) denotes that the variable
corresponds to a Paasche index framework, a
superscript 1 indicates year 1, T'y is the growth
in gross output, S ,1, >0 is the time 1 value added
expenditure “share” of gross output, and 5,1\,, <0
is the time 1 value added expenditure “share” of
intermediate inputs.!? Similar to the Laspeyres
magnification factor, this can be split into the
time 1 share of primary input, (1 —5}4), and a
ratio of the growth factor of gross output to that
of real value added.?0 Since the latter term is
approximately equal to one provided that the
growth rates are similar or small, the Paasche
magnification factor is:

R
6~ (1-sp)
Ty

These expressions for the Paasche and
Laspeyres magnification factors are exact.
Fisher indexes, which are a geometric average of
Paasche and Laspeyres indexes, are popular
because they have many desirable properties.
The Paasche and Laspeyres magnification fac-
tors can be used to approximate the magnifica-
tion factor in a Fisher framework as (Diewert
2015, equation 39):

F
E— 1

Y om ey -wy
where the weight given to the Laspeyres magni-
fication factor is defined using the Paasche and
Laspeyres Tg;ross output-based TFP growth rates

as w=

T+ n; .

We will refer to this as the “complex” approx-
imation of the Fisher magnification factor.
Under the assumption that the Paasche and
Laspeyres growth rates are very similar, Diewert
(2015) offers a simpler approximation where
w=1/2.

Appendix Table 2 of the on-line appendix pre-
sents the magnification factors calculated using
TFP growth in a Fisher index framework along-
side the “simple” and “complex” approximations
over a one-year time horizon. Both approxima-
tions tend to be very accurate. The errors when
using the complex approximation are negligible,

but in most cases there is not much gained from

19 These real value added output expenditure shares represent the “contributions” of gross output and interme-
diates to value added, as the nominal value of value added in year 1 is equal to the nominal value of gross

output minus the nominal value of intermediate inputs. Note that these “shares” sum to 1, but 53, will be

greater than one while S; will be negative because the contribution of intermediates is negative. Diewert

(2015) shows that these are related to the share of primaries in total expenditures by the expressions

1
—(1-s
SizllandS,l,,zg.

Sx Sx
20 Notice that

Value of Value Added

RealValue Added, [5:/1";1 +(1 _5}4)1741]_1

(1=sp) = =

" Value of Gross Output, " Real Gross Output,, - ry

so that the Paasche magnification factor can also be interpreted as simply the ratio of real value added

to real gross output at time 0.
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calculating the appropriate weights for the
Paasche and Laspeyres magnification factors.
Over a one year period, the assumption that the
Paasche and Laspeyres TFP growth rates are
about the same is quite reasonable. Mining
stands out as the only industry where the simple
approximation has a notable error, which is
related to large annual fluctuations in the rela-
tive price of the output of this sector, but even
this is only about 1 per cent.

In most industries, the choice of a Laspeyres,
Paasche, or Fisher index for aggregation has
very little impact on the estimated magnification
factor (Appendix Table 3). Mining is somewhat
of an exception, with the magnification factor
ranging from 0.5 under a Paasche framework to
0.6 under a Laspeyres framework. This is likely
attributable to the large price swings in natural
resources in the 2011-2012 period. For compar-
ison, the magnification factors based on the offi-
cial ABS estimates of TFP growth are also
included in Appendix Table 3. They tend to be
in line with the other magnification factors that
we have generated using the ABS data. This sug-
gests that the share of primary costs can be a rea-
sonably good estimator of the magnification
factor over short time periods for TFP estimates
produced using a combination of Laspeyres and
Tornqvist-Theil indexes as well.

The approximations for the magnification
factors under a Fisher framework also are less
accurate over longer time horizons as they do
over short periods, although they still tend to be
reasonably good. While the complex approxi-
mation becomes somewhat less accurate, most of
the errors remain very small — notable excep-
tions include mining (about 1 per cent), infor-
mation, media, and telecommunications (about

6 per cent), and administrative and support ser-

vices (about 4 per cent). In the majority of cases,
the simple approximation still performs very
well, but there can sometimes be sizable errors.
The most striking example is information,
media, and telecommunications where the sim-
ple approximation leads to an estimate 64 per
cent lower than the actual magnification factor.
It is not difficult to see that the problem in this
case relates to an unusual situation where the
weight is negative. This arises because the
Paasche growth rate is positive while the
Laspeyres growth rate is negative. The simple
approximation also leads to a large error of 27
per cent in administrative and support services.
Consequently, it should be applied cautiously
over long time horizons.

Appendix Table 5 compares the magnification
factors under the three index number
approaches to those from the official ABS esti-
mates which relied on chained Tornqvist-Theil
and chained Laspeyres indexes. Over long time
horizons, there are opportunities for large
changes in prices so that the choice of index
approach can have a significant effect on the
results. While the cost shares of primary inputs
tend to be reasonably stable over time, some of
them have changed considerably between 1994
and 2012. For example, the cost share of primary
inputs rose 31 per cent in administrative and
support services from 0.42 to 0.55 per cent. Such
an increase can have a substantial impact on the
magnification factor, leading to significant dif-
ferences between the Paasche (magnification
factor of 0.64) and Laspeyres (0.334) index
approaches. In other cases, there is broad consis-
tency between estimates using all three index
number approaches and the official data — agri-
culture, forestry, and fishing or transport,
postal, and warehousing, for example.

82

NUMBER 29, FALL 2015




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


