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Key points

Productivityis a measure of the efficiency with which inputs (labour, capital and raw materials)
are converted into outputs (goods and services). Productivity is commonly defined as ‘a ratio of a
volume measure of outputtoa volume measure of input’. Key points to note from this definition are
that productivityis avolume measure, where volume has a quantity and a quality component, and
that productivity generally only covers things that are produced by firms and that consumers pay for.

Productivity growth has slowed worldwide. Since the mid-2000s, productivity growth has been
decliningin many countries. This decline has been substantial, long-lasting, and across the board.
New Zealand has seen this productivityslowdown too, but the slowdown here pre -dated thatin
many other countries and was less severe.

There are a number of possible explanations for the productivity slowdown, many of which relate
to technology. This reportfocuses on measurement erroras a possible explanation of the slowdown.

The measurementissues can be grouped intotwo broad areas. Firstly, the challenge of
disentangling price and quality changesin outputsandinputs is likely to be growing, due to factors
like the growth inthe services sectorandinthe digital economy. Secondly, productivity measures
capture less and less of what matters. For example, these measures exclude the unpaid-for benefits
to consumers from things like free apps on smartphones, Google and Facebook.

In the light of measurementissues, MBIE considered the question: how useful are our productivity
measures? We examined the validity of concerns about measurement. This partly reflects that
perceived measurementissues risk productivity being relegated fromimportant policy discussions.
We also examined productivity concepts, measurement practices, and the use of productivity
measures. The purpose was to deepen our understanding of productivity more generally.

Productivity measures are still useful. They tell us something unique about how efficiently
resources are being used. In large part, these measures appeartostill reflect ‘true’ productivity.

Measurement error is estimated to account for only a small portion of the productivity slowdown.
Estimatesvary markedly, and there is considerable uncertainty around the estimates. But overall,
studies tend to come to similarconclusions: measurement errorhas played arelatively minorrole in
the productivity slowdown.

New Zealand should continue to focus on lifting productivity. New Zealand’s consistently poor
productivity performance cannot simply be written off as measurementerror. Therefore itis
importantthat, in our economicstrategy and discourse, we maintain our effortsto raise
productivity.

New Zealand should also continue to improve methods to adjust for price and quality changes.
Productivity is akey measure of economicperformance, and keeping on top of the measurement
challengesisincreasingly difficult. In broad terms, the aim of adjustment methods is to distinguish
between pure price changes (inflation) and changesin quality.

Productivity trends should be interpreted with care. This reflects that the measurement challenges
may be growing, due to rapid growth in hard-to-measure sectors like the digital economy and the
services sector.

Better measuring the benefits from the digital economyis important too. Many benefits of the
digital economy fall outside conventional productivity measurement. One opportunity to better
measure these benefits relates to the development of a ‘digital nation domain plan’; Stats NZand
MBIE are involved in the development of this plan.
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1. Introduction

Motivation

Overthelast 15 years or so, productivity growth has slowed considerably in many countries (van Ark
2016) including NewZealand.

There are a number of possible explanations forthe productivity slowdown. One explanation is that
productivityis increasingly being mismeasured, due to factors like measurement failing to keep pace
with rapid advancesindigital and other products and services.

If concerns about measurement are valid and measured productivity growth is lowerthan ‘true’
productivity growth, MBIE could be payingtoo much attention to lifting productivity. Conversely, if
the concerns are not valid and MBIE staff are overly worried about mismeasurement, productivity
risks being relegated from important policy discussionsin which it should be included.

Productivityisawidely known, but not well understood, concept. Soimproving understanding
within MBIE about productivity and its measurement should help MBIE betterinterpret productivity
statistics. Thisis not just aboutthe measurementissues, butraising the understanding more
generally about productivity.

MBIE has some work underway relevant to productivity measurement. In particular, MBIE is working
with Stats NZ on the development of a Digital Nation Domain Plan, which considers enduring
guestions about the digital economy and the datarequired to address those questions.

Purpose, objectives and audience

In light of concerns about measurement, the central question this report considersis: How useful are
our productivity measures?

The specificresearch questions (around which this reportis broadly structured) are:

1. Why isproductivityimportant—why do we care?

2. What is productivity conceptually?

3. What questions can productivity measures help answer, and how are the measures usedin
practice?
How is productivity measured?

5. What are the issuesorconcerns about productivityand how itis measured?

6. Whatisthe likely scale of mismeasurement? To what extentis the productivity slowdown (in
New Zealand) likely to be due to mismeasurement?

7. Towhat extentare theissuesorconcernsbeingaddressed, orcan theybe addressed?
What are the implications for MBIE and others?

The ultimate aimis to grow capability within MBIE in terms of an improved understanding about
productivity and its measurement.

The prime audience for this work is MBIE’s policy teams, business-facing operational teams, and
research teams with an interestin productivity. The findings from this report are potentially relevant
to a numberof other government agencies and organisations within NewZealand with aninterestin
productivity.



Approach

Thisreportis based ona review of New Zealand and international literature targeted at the research

questionsabove. The review was undertaken in Septemberand October 2017 by MBIE’s Strategic
Policy branch.

The projectincluded working with aninternal MBIE reference group, and with New Zealand experts
in productivity and its measurement from Stats NZ, the New Zealand Productivity Commission (‘the
Productivity Commission’) and elsewhere. This report reflects suggestions from the internal
reference group and the productivity experts.

A glossary of termsis provided at the end of thisreport.



2. What productivity is and why it is important

This section provides a definition of productivity and discusses why productivity isimportant. It also
covers some concepts about productivity, starting with some simplefirm-level concepts and then
buildingto more complex economy-wide concepts.

Productivityis avolume measure, and relates to production. Productivity growth drivesincome
growth and thus sustainable long-term improvements in material living standards.

Productivity is the ratio of output to input

Productivity iscommonly defined as ‘a ratio of a volume measure of output to a volume measure of
input’ (OECD 2001). We use this definition throughout this report.

Volume of output

Productivity =
Volume of input

Productivity rises when the volume of outputincreases more rapidly than the volume of input, and
fallsif the volume of inputincreases more rapidly than the associated output.

Productivity is a measure of efficiency

Productivity isameasure of the efficiency with which firms, industry, and the economy asa whole,
convertinputs (labour, capital and raw materials) into output (Gordon et al 2015).

Efficiency relates to the distance between the quantity of inputand output beingused, and the
quantity of input and output that defines afrontier (Daraio and Simar 2007). Efficiency
improvements can be seen as movements towards (or beyond) afrontier. There are three aspects of
efficiency:

e Technical efficiencyis about obtaining the maximum output from agiven set of inputs, or using
minimum inputs foragiven set of outputs. The frontier here is the maximumthatis physically
achievable inan engineering sense, given current technology (OECD 2001). It issometimes
referredtoinan intuitive way as ‘doing things right’.

e Allocative efficiencyisaboutallocating resourcesin an optimal way (OECD 2001). The frontier
here is the mix of goods that society most desires —‘doingthe right things (right now)’.

e Dynamic efficiencyis about the allocation of resources overtime, to push out the current
production frontier due toinnovation for example (Australian Productivity Commission 2013) —
‘doing things betterinfuture’.

Productivity and efficiency are related, but notidentical, concepts (Sharpe 1995, cited in Schreyer
and Pilat2001). Inthe same way that kilojoules are ameasure of energy but notthe same thingas
energy, productivity isameasure of efficiency but notthe same thing as efficiency. Productivity
measures can indicate whether efficiency isimproving, butthey do not generally tellus how close to
the frontierwe are.

Productivity is important because it:

e contributestoimprovementsin material living conditions by lifting wages and incomes

o reflectstechnological change, which drives long-run economicgrowth (Adleretal 2017)

e freesupresourcesthatcan be usedto produce other, new goods and services (Adleretal 2017)
e recognisesthatresourcesare limited.



Productivity is central to income growth and material wellbeing

The reason we care about productivity is thatimproving productivityis about making better use of
resources. This provides society with more choices. [t means, forexample, that (Fox 2007):

e thereare more goods and services to consume forthe same amount of inputs

e people canhave more leisure time to produce the same amount of goods and services

o fewernatural resources are required to produce the same amount of output, meaning
preservation of the environment.

Overthelongterm, increasing productivity is the only way to sustainably increase incomes (Sharpe
2002). This is because the other main source of economicgrowth — growthininputs—is
unsustainable, asinputs willbecome increasingly constrained. Forexample, asthe New Zealand
population ages, the number of hours worked by New Zealanders (a measure of labourinput) will be
restricted. Productivity growth, on the otherhand, is not constrained by the size of the population or
otherfactors. Productivity growth is sustainable through technological advances. Thisis why Paul
Krugman (1994) famously said: ‘Productivity isn’t everything, butinthe longrunit is almost
everything’.

Productivityis therefore ameansto the end of higherincomesfor New Zealanders. Higherincomes
inturn contribute to material living conditions —see Figure 1 below. Productivity growth can also
enhance some of the non-material influences on wellbeing, including the time available forleisure
and the quality of the environment (Conway 2016).

Figure 1: Productivity growth contributes to wellbeing

Future wellbeing
Preservation of “capitals” that drive wellbeing over time — natural, economic,

human and social

Grrent wellbeing \

Health status, work-life balance, education and skills, social
connections, civic engagement and governance, environmental
quality, personal security and life satisfaction

Wealth, jobs and earnings, housing conditions

Material living conditions \
~

Income growth
Input growth, relative prices

Productivity
growth

L

Source: Author, drawn from OECD (2015b)

Productivityis notthe only thing that matters. Productivity growth on its own may do little for
inequality or poverty forexample (Sharpe 2002). Productivity measures do not capture the potential
or contribution of those notin paid employment, and so do notindicate the efficientallocation or
uses of labourfrom a societal perspective.

But lifting productivityis highly relevant for New Zealand. While New Zealand has historically been
very successful at getting people into work, it has had a consistently poor productivity performance
(Conway and Meehan 2013). Reasons forthis poor productivity performance include New Zealand’s
small and insular domestic markets, weak international connections, capital shallowness, and weak
investmentin knowledge-based capital (Conway 2016). This poor performance contributes to
comparatively lowincomesin New Zealand.



Productivity contributes to business profitability

From a business perspective, productivity is only one aspect of performance. Profitability is the
overriding goal forbusiness success (Tangen 2005). Profitability broadly reflects the ability of a
businesstogenerate revenue as compared to costs. Productivity, by contrast, relates the volume of
outputto the volume of inputs (DIISTRE 2013)."

Profitability and productivity are linked —depictedin Figure 2 below (Stainer 1997, cited in Tangen
2005). The placement of profitatthe centre of the diagram shows the central role of profitability to
businesses. Productivity —in terms of technical efficiency —is closely associated with the elimination
of waste and cost reduction. Forexample, if asmaller quantity of resources (bottom left-hand side)
isneededto produce a given levelof output, this will reduce costs (bottom middle) and lift
productivity (middleleft-hand side), thus lifting profits.

Figure 2: Productivity and profitability are linked
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Productivity is most easily understood at the production unit level

The production process can be thought of as a black box with purchasedinputstakeninononeside
and outputs sold onthe other (Diewertand Nalamura 2005). Measures of productivity assess how
well the black box is doing at turninginputsinto outputs—see Figure 3.

Figure 3: Productivity is about producing outputs from inputs

All other things
(MFP)

E—

Other
material

®-O-®

Source: Author
This processis most easily measured foranindividual production unit like a factory which uses a
single input to produce a single output (Daraio and Simar 2007).

Therefore inthe field of business economics, comparisons of productivity measures for
benchmarking purposes tend to relate to specific production processes (OECD 2001). Typically, the
relevant measures are expressed in physicalunits (eg cars perday, passenger-miles per person) and
are highly specific. Thisis useful for factory-to-factory comparisons, but has the disadvantage that
the resulting productivity measures are difficult to combine or aggregate. Methods to address these
aggregation challenges are discussed in section 4.

! Department of Industry, Innovation, Science, Research and Tertiary Education.



The same broad ideas apply at the industry and economy level

The basic principle that productivity is about the relationship between outputs and inputs holds true
at every level of detail (Schreyerand Pilat 2001).

Productivity at the industry levelwill increase if productivity within individual firmsinthe industry
increases (for example through improvements in technical efficiency), or if resources move between
firms towards high-productivity firms. The latter can be due to high-productivity firms entering the
industry, existing high-productivity firms growing their market share, orto low-productivity firms
shrinking or exiting. If this reallocation process is productivity-enhancing, it represents an
improvementin allocative efficiency.

Similarly, economy-wide productivity will increase if productivity within eachindustry rises as
outlined above, orif resources move between industries towards high-productivity industries (again
an improvement in allocative efficiency).

This means that broad productivity measures, like gross domestic product (GDP) per hour worked,
can reflect gainsintechnical, allocative and dynamicefficiency.

The production function underpins productivity measurement

The economictheory behind productivity measurementis based on a production function approach,
and goes back to the work of Robert Solow (1957, cited in Schreyerand Pilat 2001).

The production functionis an equation that estimates what output will be at some particulartime as
a function of the economy’s stock of capital, its labourforce, and multi-factor productivity (MFP)
(whichrelates outputto combinedinputs). Therefore, output changes because of changesinthe
economy’s capital stock, its labourforce, orits level of MFP.

A key pointisthat if output, the capital stock, and the labourforce are known, itis possible toderive
MFP. So MFP is measured residually. Itis sometimes referred to as the Solow residual.

MFP therefore captures any growth in output above and beyond growth in inputs (Mai and Warmke
2012). It picks up things like advancesin scientificknowledge, and the diffusion of knowledge on

how things are done, including better management and organisational change —disembodied
technological change. In contrast, embodied technological change is that whichis embodied in new
vintages of physicalcapital, orin people, orinintermediate goods. Embodied technological change is
capturedin capital and labourinputs.

Disembodied technological change isimportant foreconomicgrowth, asideas and knowledge are
not used upin the same way that otherinputsare. But MFP only reflects disembodied technological
change under certain restrictive assumptions. So in practice, MFP can reflectarange of things
beyond technological change. Notably, this caninclude measurement error. For this reason,
Abramovitz (1956, cited in Stats NZ 2014a) referred to MFP as a measure of our ighorance.

The production function also highlights the relationship between wages and productivity. Workers’
real wages should equate tothe marginal product of labour. In other words, a worker will be paid
accordingto his/hercontribution to the firm’s output. Real wages are therefore the most direct
mechanism through which the benefits of productivity growth are transfe rred to workers (Sharpe et
al 2008). However, anumber of factors in the labour market — such as firms’ monopsony (buyer’s)
power, discrimination etc—can weaken the link between wages and productivity (see forexample
Sinet al 2017).
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Growth accounting is based on the production function

The production function forms the basis forthe growth accounting framework thatis widely usedin
macroeconomicanalyses. Growth accounting specifies a production function that relates a level of
outputto levels of inputs and MFP, and uses this to decompose output growth into the growth of
inputs and MFP (Jaffe etal 2016). Figure 4 is based on the growth accounting decomposition.

INCCME
Feal GNI per capita

TERMS OF TRADE NET FOREIGN
Real (?éJPT:gInplta Relative prioos of INCOME
exports and imports MNet investment income

Figure 4: Describing economic growth

LABOUR
PRODUCTIVITY
Real GOPAahour input

LABOUR
UTILISATION

Aenount of labour

I [] 1
[cgpmumgoug] [ MULTIFACTOR J [ HOURS WORKED J[ PARTICIPATION J[ EMPLOYMENT ]

Contribution of capital FRODUCTIVITY Mwerage haurs per RATE % of worklarce
deepening Real GDP/otal inputs worker Size of workforce empleyed

Source: Conwayand Meehan (2013)

A numberof important points emerge from this diagram. Firstly, GDP per capita can be broken down
into 1) labour productivity and 2) labour utilisation, highlighting the role of productivity in output
growth. Secondly, labour productivity can be broken downinto 1) capital deepening (capital per
worker) and 2) MFP. Capital deepeningis akey wayin whichtoimprove labour productivity, as
workers have more capital to use inthe production process (Conway and Meehan 2013).

Note that growth accounting essentially describes economicgrowth, ratherthantelling us why
growth happens.

The growth accounting framework has some important assumptions (OECD 2001):

e Production processes are well represented by production functions.
e Producers behave efficiently, ie they minimise costs and/or maximise revenues.
e Markets are competitive, and market participants are price-takers.

e Thereare constantreturnsto scale, ie as all inputsincrease, therewillbe an equal and
proportionate increase in output.

The implications of some of these assumptions are discussed in later sections.
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3. How productivity measures are used in practice

This section provides some concrete examples of how productivity measures have been used, and

outlines some rules of thumb about how to interpret productivity information.

Productivity measures are used to help answerawide variety of questions about New Zealand's
productivity performance andits drivers and outcomes. Like all measures, productivity measures
should be interpreted with care.

Productivity measures can help answer a variety of questions

Figure 5 below provides one way of thinking about the types of questions that productivity measures

can help answer.

Figure 5: Productivity is both an input and an outcome

What drives
productivity?
Factors (including policy

changes) which affect our
productivity performance

Source: Author

How are we

performing?
Productivity performance
at the firm, industry and
economy-wide level

What are the outcomes
from productivity?
The things we ultimately care
about which are influenced by
our productivity performance

Figure 5 highlights that productivity measures are used:

e asaninputorindependentvariable in research and evaluation (middle and right-hand boxes)
e asanoutcome or dependentvariable inresearch and evaluation (left-hand and middle boxes)

e purelydescriptively (middle box).

Table 1 below identifies some of the questions that productivity measures can help answer, grouped

perthe diagramabove.

TABLE 1: MAIN QUESTIONS THAT PRODUCTIVITY MEASURES HELP ANSWER

QUESTION

KEY MEASURE(S)

EXAMPLES

COMMENT

Outcomes from productivity performance

What contributiondoes
productivity make to economic
growth?

e Growthin GDP
percapita,and
perhourworked

. The Treasury’s annual
Budget Economic and
Fiscal Update (see for
examplethe Treasury
2016)

Economicgrowthcanbe
decomposedin various ways,
with some decompositions
includinglabour productivity
growth and others MFP
growth

Whatistherelationship between
productivityandoutcomes (such
as living standards and wellbeing)?

e  Growthin GDP
percapita, and
perhourworked

e  Various OECD studies
(seeforexample OECD
2015a)

Often based on country-level
studies

Whatistherelationship between
productivityand wages?

e  Various macro
and micro labour
productivity
measures

e  The Productivity
Commission’s workon
the labourincome share
(Conwayetal 2015;
Fraser2018)

e  Motu’s studyofthe
genderpaygap(Sinetal
2017)

Studies based on micro
measures canexamine the
underlying drivers of the
productivity-wage
relationship, andhowthe
relationship varies between
different types of firmsand
workers

12




Productivity performance and proximate drivers

How is the economytracking(in
terms of productivity
performance)?

Growth in GDP
percapita, and
perhourworked
Stats NZ’s official
productivity

Stats NZ’s annual
productivity releases (see
forexample Stats NZ
2017)

Used for macroeconomic
analyses, includingto assess
the productive capacityand
inflationary pressures ofthe
economy

measures Can be usedboth to monitor
historic performance andto
forecast future performance
How does New Zealand’s economic [ ¢  Various Various OECD studies Prompts further questions/
(productivity) performance measures, includingthe OECD’s analysis about why
compare with other countries? includinggrowth regularcompendium of performance varies
in GDPper productivityindicators Should be interpreted with
capita,and per (seeforexample OECD care dueto differences in
hourworked 2017b) measurement practices and

economicstructures etc
between countries

What contributionto aggregate
productivity growth does industry
composition make?

Industry-level
labour
productivity

Which industries are performing
well (interms of productivity
performance)?

Industry-level
labour
productivityand
MFP

Various Productivity
Commissionstudies (see
forexample Conwayand
Meehan 2013; Mason
2013)

Helpsidentify the s cope to
lift economy-wide
performance via changesin
industrystructure

Prompts further questions/
analysis about why
performance varies

Whatdoes the distribution of
productivity performance (by
industry, firm characteristic etc)
look like?

Whatare the characteristics (such
as firmsize, firm age, industry,
location) of high-productivity
firms?

Whatis the contribution of firm
dynamics (such as firm entry, exit
and growth) to productivity
performance?

Industry-level
and micro
measures of
labour
productivityand
MFP

Various Productivity
Commissionstudies (see
forexample Conwayand
Meehan 2013)

Motu’s studyof the
constructionsector (Jaffe
etal 2016)

Motu’s studyof the
relationship between
productivityandchanging
skilllevel, including the
effects of firm dynamics
(Maré etal 2017)
Treasury’s studyon the
contribution offirm
dynamics to productivity
growth (Law and McLellan
2005)

Helpsidentify the scope to
liftindustryorfirm
performance

Relevantfroma policy
perspective, as some of the
characteristics maybe
influenced by policies

Can help analyse industry-
level productivity
performance

Underlying drivers of productivity performance

Whatinternal factors to the firm
(such as the firm’s management
practices, R&D and innovation
activity,and exportactivity) drive
productivity performance?

Whatexternal factors to the firm
(such as the competitive
environment, andspillovers from
otherfirms’ activities) drive
productivity performance?

Whatdifference has a policy
change (such as aregulatory
change, R&D policy, competition
policy) made to firm productivity
performance?

Micro measures
of labour
productivityand
MFP

Studies about the effects
of intangible investment
(ChappellandJaffe 2016),
exporting (Fabling and
Sanderson2013)and
personnel practices
(Fabling and Grimes 2014)
on firm performance

Studyaboutthe spillovers
from foreigndirect
investment (FDI) (Doanet
al 2015)

Relevantfroma policy
perspective, as some of the
factors maybeinfluenced by
policies

Studies ofthe impacts of
business R&D grants (MED
2011; Wakeman and
Conway2017)

Relevantfroma policy
perspective interms of
evaluating a policy’s
performance
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Productivity measures are widely used in practice

The figures below illustrate how productivity measures have been used to help answersome of the
questionsin Table 1above, and identify some basicinsights from such work.

Figure 6: What is the relationship between productivity and wellbeing?
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Source: Boarini (2012)

Figure 7: What contribution does productivity growth make to

economic growth in New Zealand?

Average annual GDP per capita growth rates over selected periods:
1995-08 =2 4%
2009-15=05%
2016-20=1.3%

%
6.0

Forecast
40

20

0.0

1995 2000 2005 2010 2015 2020

Year ending 31 March
Labour utilisation
=== Real GDP per capita period averages

m |_abour productivity
mmm Population
—Real GDP

Source:The Treasury (2016)
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Developed bythe OECD to
show the relationship
between GDP per capita and
the OECD’s wellbeing index

Shows thatthe relationshipis
positive—in other words,
countries with higher GDP per
capitaarealso those where
wellbeing is higher on average.
However thisrelationship
becomes weakerasa
country’s income grows

Also shows that New Zealand
performs comparatively much
betteron wellbeing than on
GDPpercapita

Developed bythe Treasuryto
feed intoits medium-term
outlook forNewZealand

Illustrates one possible
decomposition of GDP growth,
includinglabour productivity
growth

Highlights thata longterm
view is neededto analyse
labour productivity growth
(and labour utilisation growth
etc), whichfluctuate
considerablyeach year



Figure 8: How does New Zealand compare in terms of the contribution of productivity growth to economic growth?
Total economy, annual percentage point contribution
1995-2015
Labour input OICT capital @Non-ICT capital B Multifactor productivity < GDP growth

ITA- JPN PRT DEU DNK FRA AUT BEL CHE NLD ESP FIN GBR USA SWE CAN NZL AUS KOR IRL

Source: OECD (2017b)

e Developedbythe OECD to compare the decomposition of GDP growth a cross countries
e |llustrates one decomposition of GDP growth, including MFP growth

e Showsthat NewZealandwas one ofthe top performingcountries interms of GDP growth overthe period, and
that(compared with other OECD countries) much of thisgrowth came from growth inlabourinput ratherthan
from MFP

Figure 9: What is the relationship between productivity growth and wage

growth in New Zealand? e Developedbythe Productivity

Commissionto examine

Real product wage growth and labo roductivity growth in
productwage gr urproductivity growtn| whetherworkers

the measured sector . .
proportionately share inthe

35
v income gains generated from

30 Lo
_ % ? productivityimprovements
T 25
g e  Showsthat workers appearto
8_ 20 have shared substantially (but
E 7 notfully) in the productivity
510 / gainstheyhave helpedto
o 05 create

I, R R R =B

1978-1986 1986-1993 1993-2000 2000-2008 2008-2016
BMRPW Growth % LP Growth

Source: Fraser (2018)

Note thattherealproduct wageis broadlythe wage that producers face. Itis the
average hourlyrate of labour compensation (includingon-costs such as
superannuation, ACC) relative to the price of output.
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Figure 10: How is the New Zealand economy tracking?

8%

6%

B
®

N
3

0% N\

annual average % change

-2%
*Hours worked adjusted for changes to HLFS survey methodolgy

-4%
1992 1995 1998 2001 2004

Source: MBIE (2017)

GDP
—GDP per capita

—GDP per hour worked*

\

,’f\|
/ \
V

Sources: Stats NZ, Treasury

2007 2010 2013 2016

Figure 11: How does New Zealand’s labour productivity level and

growth compare?
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Used by MBIE as part of one of
its Senior Leadership Team

quartery economic updates

Shows thatsince 2013, GDP
growth was much higherthan
growth in GDP percapitaand
in particular GDP perhour
worked. This reflects that
economic growthoverthis
periodhaslargelycome from
population growth rather than
productivity growth

Highlights thatthe measure
selected matters, and that
labour productivity growthis
highly cyclical

Developed bythe Productivity
Commissionto seeif New
Zealandis catchingup to other
countriesinterms ofour
productivity performance

Shows that, despite starting
with a comparatively low
labour productivity/evelin
1980, New Zealand’s labour
productivity growth overthe
period 1980to 2010 was also

comparatively low

We mightexpectthata
developed, openeconomy
behindthe productivity
frontier (like New Zealand)
would converge overtime as
learnings from other countries
diffuse to NewZealand firms.
This chartillustratesthat there
is nothing inevitable about this
process



Figure 12: How does New Zealand’s productivity performance compare

over time? e Developedbythe Productivity

Commission to decompose the
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Figure 13: Which New Zealand industries are performing well? e Developedbythe Productivity

Commissionto compare the
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Figure 14: What is the distribution of productivity performance across firms in New Zealand?
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Source: Fablingand Sanderson (2013)

Non-entrants
Entrants (high income)

e Entrants (low income)

e Developedbythe authors to examine variations among firms’ productivity pe rformances based on their

exporting activity

e Showsthatfirmsthatare currently exporting tend to have higher productivitythanthosethat have

exportedinthe pastbutare not currently, who in turn have higher productivity thanthose that have never

exported (left hand panel). Firms that are about to start exportingtend to have higher productivitythan

thosethatare notaboutto enter exporting butthere's not much ofa difference between those thatare
goinginto high income andthose thatare goinginto|low income countries (right hand panel)

e Impliesthatexporters performbetterthan non-exporters, but most ofthat difference existed before they

started exporting. Thus, the gap is more about s elf-selection than learning-by-exporting

e Highlightsthe importance of analysingdistributions (as opposed to averages) to better understand

productivity performance

Figure 15: What are the effects of management practices on

countries’ productivity performances?
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There are some rules of thumb for interpreting productivity measures

The examplesabove illustratethata number of factors should be taken into account when usingand
interpreting productivity measures.

e The right measure depends on the purpose of measurement.

e GDP per hour worked s a relativelysimple, straightforward measure of labour productivity
which can be usedin a number of contexts.

e Productivityis pro-cyclical. This has two key implications: firstly, long-term productivity trends
should not be extrapolated from short-term trends; secondly, growth rates should be calculated
at comparable pointsinthe cycle, preferably from peak to peak (Sharpe 2002).

¢ International comparisons should be interpreted with care. Differencesin measurement
practices and economicstructures etcbetween countries can make ithard to compare apples
with apples. In particular, comparisons can vary considerably depending on the purchasing
power parity (PPP) adjustment used.

e Growth rates are highly relevantto policymakers... A higher level of productivity generatesa
higherlevel of income, but higher productivity growth resultsin progressively higherincome
gains overtime (DIISRTE 2013).

e ...and are relevant for comparing industries. Industries vary considerably in their capital
intensitiesandin the technologies they use, which can lead to wide variations in productivity
levels by industry. Given that technologies and capital intensities of industries tend to be
relatively stable overtime, labour productivity growth rates can provide a more meaningful
comparison acrossindustries than productivity levels.

e Productivity growth ~ Output growth — Input growth. It can be shown that the productivity
growthrate isapproximately the output growth rate minus the input growth rate (see Office for
National Statistics 2007). For example, if output growthinaperiodis five percentand labour
inputgrowth istwo percent, thenlabour productivity growthis roughly three percent. This
approximation provides a straightforward way of inferring productivity growth.

e Productivity measures have limitations and are based on assumptions — see section 4. The
limitation of measures to reflect the competitive environment, or firms’ market power, implies
that understanding the market structure of each productisimportant forunderstanding how
much quality improvements can be inferred from prices (Office for National Statistics 2016).
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4. How productivity is measured

This section discusses how productivity is measured in practice. It considers methods foraggregating
different types of outputs and inputs, provides an overview of the approaches takenin macro
productivity measures and in micro measures, and outlines some of the benefits and limitations of
New Zealand’s measures. The specificmeasures available are discussed in Table 3 at the end of this
sectionandinappendix A.

Prices play a keyrole in productivity measurement; many of the measurement concerns discussedin
section 5 stem fromthe relationship between prices, quality and volumes. Overall, selecting the
right measure depends onthe purpose of measurement.

A number of measures are available

As noted earlier, productivity is a ratio of a volume measure of outputto a volume measure of input.
Measuring productivity thereforeinvolves dividing some measure of the volume of output by some
measure of the volume of input.

Productivity measures can be categorised inanumber of ways as described below.

Single-factor or multi-factor: Single factor measures relate ameasure of outputto a single measure
of input. MFP — also known as TFP — relates a measure of outputtoa bundle of inputs (Schreyerand
Pilat 2001).

Labour productivity is asingle factor measure. Itinvolves dividing output by some measure of the
amount of labourusedinits production. Labour productivity is a central productivity measure asitis
relatively easy to understand and measure, and relates to animportantinput (people).

However, careisneeded ininterpreting partial measures (Mai and Warmke 2012). This is because
they attribute to one input changes in efficiency that are actually attributable to other ones (Janssen
and McLoughlin 2008). For example, substitution from the use of labourto the use of machines may
not increase output, but will increase labour productivity (Fox 2007).

So MFP isthe preferred conceptual measure asitaccounts forthe broadestrange of inputsand
therefore gets closerto a true efficiency measure, but labour productivity measures are often used
inpractice.

Growth and levels: Growth rates provide a comparison over time with past performance. For
example, overthe recent (incomplete) cycle 2008-16, average annual labour productivity growthin
the measuredsectorin New Zealand was 0.7 per cent (Stats NZ 2017).

Productivity growth tends to be pro-cyclical. Reasons include that resources can be under-utilisedin
a downturn, such as machinery lyingidle, orworkers being used less intensively as firms try to hold
on to key staff (labour hoarding). So as output falls, inputs may fall by arelatively smalleramount,
thusleadingtoa deteriorationin productivity.

Productivity levels provide a point-in-time comparison across industries within NewZealand, or
between New Zealand and other countries. They giveinsights into the possible scope for further
gains (Schreyerand Pilat 2001). Forexample, New Zealand’s labour productivity level foryearend
March 2016 was $42 per hourworked (2015 USS) compared with $61 perhour worked on average
across the OECD (ie there was a 30 per cent gap between New Zealand and the OECD average).’

Macro and micro: Macro measures capture productivity atthe industry level orat the level of the
economy as a whole. Micro measures draw on data about individual firms, as discussed below.

? Conference Board Total Economy Database, based on the original OECD countries.
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Value added is used to avoid double counting

Aggregation of outputs requires away of linking one firm’s activities with that of another. Figure 16
below illustrates some of the linkages, and shows that one firm’s output can be anotherfirm’sinput.
The goods or servicesthat are produced within the firm and that become available foruse outsideit
are called (gross) output (Schreyer 2011). Outputis produced using primary inputs (labour and
capital) andintermediateinputs. Valueadded is the value of output less the value of intermediate
inputs.

In Figure 16 below, flouris the final output of the miller, butis anintermediate input for the baker. If
the outputis added up for each producer ($500 + $700 + $1,000 = $2,200) ittotalsto more than the
final amount ($1,000). Thisis an example of double counting. Thatis, a pure output-based measure
involves double counting.

Value added isthe basis for calculating GDP and is often used as the output measure in productivity
measurementto avoid double counting. Inthe example below, avalue added approach would
correctly identify total production as $500 + $200 +$300 = $1,000.

Figure 16: Simple example of value added

Sells Sells Sells
[ FARMER ]vvheweb[ MILLER ]#ewee[ BAKER ]b‘eae%e[ CONSUMER]
$500 $700 $1,000

Output Wheat Flour Bread Total

Value of output $500 $700 $1,000 $2,200
Value of input Zero $500 $700 $1,200
Value added $500 $200 $300 $1,000

Source: Author

Prices matter in measuring volumes

Aggregationin productivity measurementis challenging because both inputs and outputs vary
greatlyin nature. Even within the same broad product group, like cars, it is fairly clearthat adding up
a simple count of the number of minisand BMWs is not a meaningful measure of outputvolume.
Thisreflectsthat the volume of outputis regarded as havingtwo components (Office for National
Statistics 2007):

1. quantity — the numberof units (of a product)
2. quality —the description of the characteristics of each unit.

Quality of output has many dimensions which include design, convenience, and novelty, aswell as
features such as comfort, durability, and freshness (Gordon et al 2015). These dimensions of quality
are valued by consumers, and so tend to be reflectedin prices.

Importantly, increasing the quality of agood conceptually equates toalarger volume of the good
(Byrne etal 2016). For example, a better computercan be thought of as providing more computer
services, orbetterrunning shoes as providing more ‘running support’ services.

The same conceptappliestoinputs. Forlabourinput, higher quality (skilled) labour represents a
highervolume of labour. A key difference, though, isthat a highervolume of labour reduces
productivity, as labourinput appearsinthe denominator of the productivity ratio.

For example, Maré etal (2017) found that productivity growthin New Zealand over the period 2001-
12 was higherthan previously thought, once labour was quality-adjusted. This was because lower-
skilled (lower quality) workers had been drawn into the labour market overthis period. Once the
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volume of labourinput was adjusted to reflect this lower quality, ‘true’ productivity was estimated
to be higherthan measured productivity.

Prices—and the assumption of functioning markets —allow the volume of diverse outputs to be
compared and weighted (New Zealand Productivity Commission 2017). This is based on an
assumption of functioning markets. When markets are functioning efficiently, the ratio of one
market price to anotheris reflective of the relative appreciation of the two products by those who
purchase them (Stiglitz et al 2009). Conceptually, changesinthe quality of products should be
reflectedin price changes. Thisis because consumers derive higher utility from higher quality
products, and in a perfectly competitive marketthese differencesin utilities would be revealed in
market prices (Office for National Statistics 2007).

A keyissue froma measurement perspectiveis determining whetheran observed price rise reflects
general inflation orimprovementsin quality. The latter should be counted asanincrease involume,
while the formershould not. Statistical agencies have to make judgements about the extent to
which an observed price change is due to changed quality ora change in the price of a product
(Corrado et al 2017).

Even withinrelatively narrow product ranges, it may be difficult to disentangle the
price/quality/volume relationship. Gibson (2017) provided an example of the wide range of retail
prices forfizzy drinks in New Zealand. In just one store, the highest price forfizzy drinks was $7.99
perlitre (small containers of branded product) and the lowest $0.66 per litre (large containers of a
supermarketrange). These products vary in quality attributes like flavour and convenience, but
these numbers do suggestlarge variationsin the price/volume relationship.

Figure 17 below provides astylised example of how changesin the quantity, quality and price of
inputs and outputs affect productivity. Forexample, in the second row, alower quantity of labouris
used compared with the status quo (firstrow), so productivity hasincreased.

Figure 17: A stylised example of how productivity works
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In practice, the official productivitymeasures developed by Stats NZare based on value added at
constant prices for the output component. Thatis, output prices are deflated to reflectindustry-
wide price levelchanges. Three alternative methods are used to obtain constant prices (Stats NZ
2014b) — see appendix A. A key pointto note is that these methods essentially aim to account for
price movements. This means, forexample, thatthe pointinthe productlifecycleat which new
products are picked upisimportant, as the price of a product can vary considerably overits lifecycle.

The method most commonly used to obtain output at constant pricesisto deflate (divide) output by
price indices. The price indices are in turn adjusted to reflect quality improvementsin output.

Stats NZcompiles asuite of price indices. The mostrelevantinthe context of the productivity
statistics are the following.

e Producers price index (PPI), which measures changesin prices forthe supply (outputs)and use
(inputs) of goods and services by New Zealand’s productive sector (Stats NZ2015). One of the
surveys used to construct the PPl asks firms about why prices of the products they produce have
changed, including changesin the product’s quality.

e Consumers price index (CPl), which measures changesinthe prices of final goods and services
based on a basket of goods representative of household consumption. The CPl basketand
weights are updated once every three years, and data on prices collected each quarter. Stats NZ
uses hedonicmodelling (see section 6) to quality adjust computers and some other electronic
products and used cars, and makes quality adjustments for other products on an ad hoc basis.

e The capital goods index, which provides information on the change inthe general price level of
fixed capital assets.

There are a number of broad measurement approaches available

Differentapproaches to measuring productivity draw on the theories outlinedin section 2, in
particular production function theory. There are several ways to implement these theories
empirically. The most common approaches are described below (drawn from Jaffe et al 2016).

1. The growth accounting approach specifiesaproduction function that relates a level of
outputto levels of inputsand MFP. This makes it possible to decompose output growth into
the growth of inputs and MFP. MFP growth s a residual —it captures the part of the growth
inoutputthat cannot be explained by growth ininputs. The growth accounting approachis
relatively simple toimplement. Butit relies crucially on several assumptions, including that
the production function exhibits constant returns to scale.

2. Theindex number approach measures productivity by dividing an output quantity index by
an input quantity index to give a productivity index. Calculating productivity growth rates
based on the index obtained is then relatively straightforward. The index number approach
can only be used to measure productivity growth, not productivity levels. Thisis the
approach used by most statistical agencies, including Stats NZ.

3. The production frontierapproach uses an output distance function that measuresthe
distance of a production unit from the production frontier (as discussed in section 2). This
function measures how close a level of outputis tothe maximum level that can be obtained
fromthe same level of inputsif production is efficient. This approachis useful inidentifying
and quantifying the sources of inefficiency. However, it requires knowledge of the
production technology or production frontier of all firms atall time periods covered.
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4. The econometricapproach measures productivity via estimating the parameters of a
production function. Asin the growth accountingapproach, if a production functionis
specified in growth rate form, the estimated residual captures the residual growth, whichis
ofteninterpreted as a measure of productivity growth. The main advantage of the
econometricapproachisthat it enablestesting the assumptions underlying the growth
accountingand index number approaches. However, as with the growth accounting
approach, results fromthe econometricapproach are sensitiveto the form of the
production function.

New Zealand draws ona number of these approachesin its macroand micro productivity measures.

New Zealand’s official macro measures follow OECD guidelines

In March 2006, Stats NZ published the first official productivity estimates for New Zealand (New
Zealand Productivity Commission 2017).

Stats NZbroadly uses an index numberapproach forits official macro productivity series. Thisis the
approach recommended by the OECDin its guidelines (see OECD 2001).

Table 2 below provides asimple hypothetical example of how alabour productivity indexmight be
calculated. Itillustrates thatindices allow forthe measurement of changes overtime, ie productivity
growth, but not productivity levels.

TABLE 2: SIMPLE HYPOTHETICAL EXAMPLE OF A PRODUCTIVITY INDEX

YEAR | LABOUR HOURS | OUTPUT OUTPUT PERHOUR | GROWTH INOUTPUT | PRODUCTIVITY INDEX
PER HOUR (PER CENT)

2017 50 250 5 1000
2018 60 240 4 -20 800

2019 80 480 6 50 1200
2020 80 560 7 16.7 1400

Alsoimportantto note is that outputis value added at constant prices, based onthe same
procedures as GDP. This means that the official macro productivity measures are consistent with
GDP, and have some of the same benefits and limitations as GDP.

Official productivity measures are available (mainly drawn from Stats NZ 2014a):

e forthe ‘measuredsector’ only, ie they exclude government and a few otherservices
e brokendown for25 industries

e forlabourproductivity, capital productivity and MFP

o forgrowthrates(notlevels)

e annually from 1978.

These official measures are mainly used to track trends in New Zealand’s productivity performance.

Other macro measures are often used in practice

Because of some of the restrictionsin scope and timeliness of the official productivity statistics
outlined above, other macro measures of labour productivity are often used in practice. The most
common onesare GDP percapita, GDP perworkerand GDP perhour worked. These measures are
drawn from official statistics developed by Stats NZ, but are not directly produced by Stats NZ
(except GDP per capita). Instead, they are constructed by individual researchers, and as such there is
scope for slight differences in how they are calculated. They have the benefits of covering the entire
economy (notjustthe measured sector) and beingavailable quarterly with minimal lags.
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These measures of labour productivity are often used for international comparison purposes. Itis
also possible to construct measures of labour productivity levels at broad industry level by
combiningseries of hours worked with industry output data.

Micro measures dig beneath the surface

Micro measures draw on data aboutindividual firms. Essentiallythey use a benchmark relationship
between outputandinputs, captured by a production function (Fablingand Maré 2015a). Each firm
isjudged by comparingits ratio of outputto inputs with that of a benchmark calculated forfirms
with the same level of inputs. So MFP as measured inthis way is essentially arelative concept.

As production functions are intended to reflect the production technologyused by a firm, micro
measures are generally used to compare firms within anindustry ata pointintime. Thisisin
contrast to macro measures, where the focusis on growth rates.

A consequence of the use of industry-specificproduction functions is thatitis not possible to
compare the relative efficiency of two groups of firms that operate with completely different
technologies (Fablingand Maré 2015a). As industries operate with differenttechnologies, MFP is
meaningful only for comparisons within the same industry ( Fabling and Maré 2015a).

While anumber of different methods are availableto calculate firm-level productivity, researchin
New Zealand has focused onthe use of either Cobb Douglas ortrans-log production functions. This
probably reflects acombination of data availability and researchers’ preferences.

Researchers have some flexibility in how they estimate the production function, depending on the
particular question they are aiming to address. This lack of a standardised approach meansitcan be
difficultto compare findings across studies, as can differencesin sample availability and selection
(see forexample Fablingand Sanderson 2014). In particular, differentapproaches are used to
control for unobserved differences between firms. In general, the more inputs or characteristics are
introduced, orthe more refined the econometricspecification, the more inter-firm differences are
loaded into the benchmark, and the less is attributed to MFP ( Fablingand Maré 2015a).

One of the key benefits of micro measures is that they uncover variationsamong firmsin
productivity performance, and so help understand the underlying drivers of productivity (Fabling and
Maré 2015a). Afurtherbenefit of the econometricapproach isthatit providesan opportunity to
relax some of the assumptions usedinthe macro approach, as the parameters of the production
function are estimated directly.

For example, inarecentstudy of spatial productivity, Maré (2016) relaxed the assumption of perfect
competition by taking account of differences in competition levels across locationsin New Zealand.
Thisrecognised that output price differences arise when competitionisimperfect, with firmsinless
competitivelocal markets charging higher prices. The author estimated acompetitiontermasa
parameterwhich provides anindex of the firm's ability to charge a higher price, and achieve ahigher
mark-up, by restricting the quantity of output.

In brief, international studies based on micro productivity measures have found enormous and
persistent measured productivity difference across firms, even within narrowly defined industries
(Syverson 2011). The causes of these differences reflect differencesin firms’ practices (such as
management practices and innovation) and in firms’ operating environments (such as competition).

In New Zealand, arecent summary of New Zealand studies which use micro productivity measures
has been developed by Allan (2018).

As with macro measures, simple micro measures of productivity, such as labour productivity and
capital productivity, are available at the firm level, and labour productivity is comparable across
industries forexample.
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Linking the macro with the micro is hard to do in practice

Macro and micro productivity measures complement each other, as they focus on different things
and have different strengths and weaknesses. In theory, it should be possible to reconcile them, as
they draw onthe same fundamental concepts and broadly use the same data sources.

But in practice, it is difficult to construct this full picture (see Mai and Warmke 2012). So far, there

have been noformal attempts to reconcile official macro productivity measures with micro ones.

One of the mainsticking points appears to be differencesin measurement of inputs, particularly
labourinput. Stats NZ’'s Longitudinal Business Database (LBD) does have a ‘full-time equivalent’
adjusted labourinput, butthisis doneina fairly basicway due to the absence of hours worked
information. Another sticking pointisthatthe national accounts use supply-use balancingwhen
estimating sector-level GDP, to avoid double counting. In contrast, the focus of the LBD islesson

double counting and more on how good the firmis at turninginputsinto outputs.

Each measure has benefits and limitations

Table 3 below summarises some of the features, benefits and limitations of the main productivity
measures available. More information about each of these measures can be foundinappendix A.

TABLE 3: MAIN PRODUCTIVITY MEASURES

MEASURE

FEATURES

BENEFITS

LIMITATIONS /CAVEATS

Official macro measures

Labour e Definition: growthinoutput perhour of paid e  Relativelyeasyto Substitution of capital
productivity work measure forlabour mayincrease
growth e Basedonindexnumberapproach e Relatestoan measured labour
e  Follows OECD’s (2001) guidelines important factor of productivity
e Outputisvalueaddedatconstant prices, based production— Covers measured sector
on the same proceduresfor GDP people only,andonlyproduced
e labourinputishours paid (see appendix A) e Inlinewith annuallyandingrowth
e  Covers measured sector, and can be broken down international best rates
into 25industries practice
e Data drawn fromfirm and household surveys and
administrative taxdata
Capital e  Definition: growthinoutput per unit of capital e Inlinewith Substitution of labour
productivity services international best forcapitalmayincrease
growth e Basedonindexnumberapproach practice measured capital

Follows OECD’s (2001) guidelines
Outputisvalue added atconstant prices, based
on the same proceduresas GDP
Capitalinputisthe flowof capital services
generated by capital stocks

Covers measured sector, and canbe broken down
into 25industries

Data drawn fromfirm and household surveys and
administrative taxdata

productivity

Covers measured sector
only,andonlyproduced
annuallyandforgrowth
rates
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MFP growth

Definition: output growth that cannotbe
attributed to growth inlabour and capital
Basedon index number/growth accounting
approach

Follows OECD’s (2001) guidelines
Outputisvalue added at constant prices, based
on the same proceduresfor GDP

Inputindexis based onthe volume indexes of
labourand capital

Data drawn fromfirm and household surveys and
administrative taxdata

Proxy for
technological
change

Takes account of
substitution
Preferred
conceptual
measure, asit
accounts forthe
broadestrange of
inputs

In line with
international best
practice

Restrictive assumptions
—marketsare
competitive, constant
returns to scale etc

In practice, reflects a
range of factors other
than technological
change, including capital
utilisationand
measurement error

Other macro measures
GDPper e Definition: total economicactivity/ total Timely, both series Poorproxyforlabour
capita population are produced productivity, as does not
e  Economicactivityis production GDP from national quarterdywith take accountoflabour
accounts smalllags market participation
e  Total population is from national population Uses official Tier 1 Industry breakdowns not
estimates data available
Covers entire
economy
Easyto understand
Internationally
comparable
GDPper e Definition: total economic activity/ total See GDP per capita Notstandardised, as
worker employed above constructed by
e  Economicactivityis production GDP from national A better measure individualresearchers
accounts of labourinput
e Employmentisfrom Household Labour Force than GDPper
Survey capita, asit
e Canbe calculatedforbroadindustry groupings reflects
employment
GDPperhour | ¢  Definition: total economicactivity/ total hours See GDP per capita Notstandardised, as
worked worked above constructed by

Economicactivityis production GDP from national
accounts

Hours worked is from Household Labour Force
Survey

Can be calculated for broad industry groupings

A better measure
of labourinput
than GDPper
worker, as it
reflects part-time
work

individualresearchers

Micro measure

Labour
productivity,
capital
productivity
and MFP

Definitions vary

MFP is based oneconometric approach, whichin
turnis based ona production function

Outputis revenue-based gross output orvalue
added

Labourinputis headcountorFTE
Capitalinputis based onthe flowof capital
services generated by capital stocks

Firm-level data from administrative tax data and
surveys in Stats NZ’s LBD

Allows
examination of
causaldrivers of
productivity
Approachcanbe
tailored to s pecific
question

Some ofthe
restrictive
assumptionsin
MFP abovecanbe
relaxed

No measure of hours
worked for labourinput
Difficult to compare
studies

Estimated aggregates
will not equal official
stats

Industry-level output
price deflator limits
qualityadjustment
MFP is relative to other
firms, notanabsolute
measure. ltcan'tbe
usedto compare
industries due to
differencesin
technologies

Source:Stats NZ (2014a)and Fablingand Maré (2015a)
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Productivity measures have a number of limitations

Some of the key limitations of New Zealand’s productivity measures include the following. Note that
some of these points (especially the finaltwo) often apply to other countries too.

Labour inputs are not quality-adjusted. While quality adjustments are made for outputs in the
official productivity series, no quality adjustments are made for labourinputs. This means, for
example, thatif higherskilled labouris used to produce the same volume of output, this
representsanincrease inlabourvolume andthusareductionin ‘true’ productivity, butit will not
show up in measured productivity. Some micro studies have tried to quality-adjust labourinputs
(Maré etal 2017 for example).

No hours worked inthe LBD. There are no hours worked inthe LBD, so labourinputisgenerally
based on job counts for micro productivity measures.’ This means, forexample, thatif an
industry increasingly uses part-time staff to produce the same volume of output, this represents
areductioninlabourvolume andthusan increase in ‘true’ productivity, butit may not be picked
up inmeasured productivity.

No industry-specific capital price deflator. Instead, an aggregate capital price deflatoris used.
This means that capital input could be under- or over-stated.”

Price and quality adjustment do not reflect variations in market power. For example, if one
region has lessintense price competition than others, firmsinthatregion will receive more
revenue forany given output than firms in more competitiveregions (Jaffeetal 2016). Standard
productivity measures willinterpret this higherrevenue as higher output, and so will infer
incorrectly thatthese firms have higher productivity. A key pointis the extentto which price
movements reflect quality changes. If afirm’s market poweris derived fromits pastinvestments
intechnology or product development, which cannot be copied by other firms, higher price s
reflectreal differencesin quality. Butif market powerreflects alack of competition, high prices
may be misinterpreted as quality improvements. The same principle applies onthe inputside,
where a firm’s advantage in commandinglowerinput prices should be stripped out of
productivity measurement.

Productivity measures are based on a number of assumptions, including that markets are
perfectly competitive, constantreturnstoscale etc(see section 2). In practice, markets contain a
mix of monopoly, oligopoly and perfect competition. Note that some of these assumptions can
be relaxedin micro studies based on the econometricapproach.

} Adjustments aremade where observed data are inconsistent with full -time employment, where anindividual
works multiplejobs, or where observed earnings aretoo low to be consistentwith full-timework based on the
statutory minimum wage (see Fablingand Maré 2015b).

4 However, a new data setinthe LBD has recently created anindustry-level capital deflator.
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5. Concerns about measurement

This section examines concerns about productivity measurementand their potential scale. Note that
these concerns are ones which have been raised across many countries, especially inrecent years;
thisisin contrast with the discussion insection 4 which mainly focuses on New Zealand-specific
issues. The section starts by outlining the key measurement concerns, then considers the role of
mismeasurementin the global productivity slowdown, and concludes with implications for New
Zealand.

Many of the concerns about productivity measurement can be grouped intotwo broad areas:
1. thechallenge of disentangling price and quality changes may be growing
2. productivity measures capture lessand less of what matters (discussed furtherinsection 6).

The key conclusionisthat mismeasurementis estimated to accountfora relatively small prop ortion
of the productivity slowdown. However, growth in the digital economy and the services sector
means that mismeasurement may be growing too. Any growing mismeasurement overtime could
create challengesforanalysing productivity trends.

There are a range of measurement challenges and concerns

Table 4 below identifies some of the main challenges or concerns raisedin relationto GDP and
productivity measurement. Note that while most of the concerns relate to outputs, many of the
same issuesapply toinputs. Furtherinformationis provided in appendix B.

Key pointsfrom Table 4 (drawn from Ahmad and Schreyer 2016 unless otherwise stated) include:

e While manyissuesare not new, what is new is the scale of the problem. Issues such as
disentangling quality improvements from prices, and consumers receiving free media services
paidfor viaadvertising (eg TV channels), have been around fora longtime. Butthe growth inthe
digital economyisincreasing the potential scale of mismeasurement, and is placing pressure on
conventional measurement methods. Similarly, the measurementissues could worsen as
economicactivity continues to shiftaway from manufacturing to service industries which are not
easily capturedin productivity measures (Manyika et al 2017).

e Thereis significant uncertainty about the scale of the problem. For example, the composition
of ITinvestment has shifted appreciably toward components, such as software, for which
measurementis more uncertain (Byrne et al 2016).

¢ The measurement of price and quality changes requires ongoing efforts. It is hard for
measurementto keep pace with rapid quality and price changesinnew and improved ICTand
otherproducts. Identifying quality improvementsin some service se ctorsisalso achallenge.

e Many of the measurementissues conceptually fall outside GDP. Many aspects of the digital
economy, such as the unpaid-for benefits from digital products and consumers’involvementin
the production process, have not conventionally beenincluded in GDP (and thus productivity
measures). GDPis only concerned with market production, so only products and services that
consumers pay for are currently included. GDP is nota measure of wellbeing.

e The digital economy isitself part of the solution. The use of administrative (and other big) data
provides opportunities to capture new types of transactions —see section 6.
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TABLE 4: CHALLENGES FOR PRODUCTIVITY MEASUREMENT

ISSUE

EXAMPLES

ESTIMATES OF SCALE OF
EFFECT’

REMEDIES

Price and quality

Inadequate price and quality
adjustments —new and
improved products and
technologies maynotbe fully
taken into accountin
measurement, thus under-
statingoutput volume growthin
GDP (so productivitymaybe
under-stated); assetssuchas ICT
maybe under-statedin the
capitalstock (aninput), so MFP
maybe over-stated

e ICTequipment
such as computers

e Software

o Communications
services

e Manyotherdigital
products

e  Plus many
examplesoutside
the digital
economy

. Estimatesrange from
around0.2t0 0.7
percentage points pa of
GDPgrowth across
countries

e  Substantial variationin
countries’ treatment of
price movementsin ICT

e  Effecton MFPsomewhat
offsetbyICT being an
inputaswellasan
output

e Improve priceand
qualityadjustment
methods

Digital economy

Free and subsidised consumer
goods —free digital products are
notincludedinGDP (so

e Freeappsfor
smartphones
e  Facebook

e Imputing values for free
media products hasa
minimal impactonGDP

e  Supplementwith
othermeasures

productivity maybe under- Google levels (atmost 0.1 per

stated), although consumersdo | o Skype cent pa of GDP), with

payforthem to some extentvia negligibleimpacts on

advertising and firms’ use of GDPgrowth rates

consumer data

Free assets produced by e  Wikipedia e  Wikipedia—upto0.1 e Excludefrom GDP,
households — free publicgoods e Linux percentpa of global as conventionally
which use volunteerlabourare GDPifafeewere volunteers’ services
notcapturedin GDP (ambiguous charged are valuedatzero
effect on productivity, as both e Supplementwith
labourinputandoutputare othermeasures
under-stated)

Peer-to-peer services — e  UberPOP e Uber-effectof e Usetax
consumer-to-consumer e AirBnB includingvehiclesin administrative data
transactions facilitated by digital | ¢  eBay capitalstock is very to bettercapture

technologies are not fully
capturedin GDP (ambiguous
effect on productivity, as both
inputand output are affected);
assetssuchas vehicles arenot
fully captured inthe capital stock
(so MFP maybe over-stated)

small

outputandinputs

Consumers as producers —
households’ involvementinthe
production process is not
capturedin GDP (ambiguous
effect on productivity, as both
inputand output are affected)

e Onlinetravel

booking

e Self-checkat
airports

e Self-servicein
supermarkets

e Notknown butgrowing

. Exclude from GDP,
as conventionally
services provided by
households for their
own consumption
are excluded

Cross-border trade —some
productionisrecordedinthe
(low-tax) countryin whichitis
registered, ratherthanthe
countryof economic ownership;
this also affects the capital stock
(ambiguous effecton
productivity)

e Knowledge assets
eghumanand
organisational
capital

e Knowledge assets not
included in GDP are
estimatedto be larger
thanthosethatare

. Despite this, itis
estimatedthat
incorporating intangibles
makes little difference to
the productivity
slowdown

e Reallocateincome
flows to the country
ofthe parent
company(souse
Gross National
Income ratherthan
GDP)

e Carefullyinterpret
cross-country
comparisons

> Specific estimates mainly drawn from Ahmad et al (2017).
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Services

Market services —unique,
customised, complexand
bundled services create
challengesforcontrollingfor
changesin quality(so
productivity maybe under- or
possibly over-stated)

Telephone service
plans
Finandal services

Notknown but growing
—servicesaccountfora
large andincreasing
share of output

Improve priceand
qualityadjustment
methods

Government services— many Health e  Publicservices make up Improve methods
governmentservicesare Education around20percentof formeasuring public
provided forfree and are difficult the economy sector productivity
to aggregate, and their qualityis

hard to determine; currentlythe

publicsectoris excluded from NZ

official productivity statistics (but

included in GDP basedon the

costof providing the services)

The environment

Valuing environmental services Water . Notknown Improve methods
—naturaland environmental Atmospheric forestimatingthe
resources areanasset which wastedisposal value of

provides a flowof services to services (GHG environmental
inputto production, buttheyare emissions) services

hard to measure andso tendto

be excluded (so productivity may

be over-stated)

Wider aspects of the Pollution e Notknown Supplement with
environment — GDPdoes not Biodiversity measures of the

capture the wider contribution
of the environment to wellbeing,
externalitiesetc

stock of natural
capital, physical
indicators of
environmental
qualityetc

Fracking — fracking means thata
keyinputto mining(land)
effectivelyfellin quality which, if
nottakenintoaccount, maylead
to an over-statement ofinput
volume (so productivity maybe
under-stated)

Land qualityin
mining

In the US, average
annual aggregate labour
productivityand MFP
growth estimatedto be
5 basis points faster

Improve methods to
accountforland
quality

Other issues

Restrictive assumptions — in MFP e Notknown Carefullyinterpret
particular, the assumptions used Industrieswith productivity

in growth accountingabout differentlevels of measures across
constantreturns to scaleand competition industries

perfect competitionare not

realistic

Lags between large investments Major e Notknown Improve methods to
and their utilisation — so thatin infrastructure accountforlags

the investment year, the
measured growth in capital
servicesis higherthanthe actual
growth, resultinginan over-
statement of input volume (so
productivity maybe under-
stated)

Carefullyinterpret
productivity
measures

Source: AhmadandSchreyer (2016); Ahmadetal (2017); Byrne etal (2016); New Zealand Prod uctivity Commission (2017);

OECD (2011); Stiglitzetal (2009)
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Mismeasurement accounts for only a small portion of the slowdown

Since the mid-2000s, productivity growth has been declining across countries. This decline has been
substantial, long-lasting, and across the board (van Ark 2016). Globally, labour productivity growth
(measured as output perworker) has only moderately slowed from 2.6 percent peryear, on
average, inthe 1996-2006 periodto 2.4 per centin the 2007-2014 period (van Ark 2016). The
slowdown in global MFP growth has been much more dramatic, declining from 1.3 per cent from
1996-2006 to only 0.3 percent from 2007-2014. The productivity slowdownin New Zealand pre-
datedthat in most othercountries and was less severe.

Mismeasurement of productivity is one possible explanation of the slowdown. A number of studies
have focused on mismeasurementinthe US in particular. These studies have used different
methodologies and data, but theirfindings are reasonably consistent (Brynjolfsson et al 2017).

The consensus appears to be that, while mismeasurement can explain some of the productivity
slowdown, it probably only accountsforarelatively small proportion. Therefore the slowdownisa
real effect.

For example, one highly cited study (Byrne et al 2016) found little evidence that the productivity
slowdown inthe US arises from growing mismeasurement of the gainsfrominnovationin IT-related
goods and services. The authors gave three mainreasons:

1. Mismeasurement of IThardware was already significant prior to the slowdown. Becausethe
domestic production of these products has fallen, the effect on productivity was largerinthe
1995-2004 periodthansince. Also, IT mismeasurement affects GDP and labour productivity
more that MFP (as IT appears as both an inputand an outputin MFP, which has offsetting
effects).

2. Many of the consumer benefits from smartphones, Google searches, and Facebook are,
conceptually, non-market, and so shouldn’t appearin productivity measures.

3. Othermeasurementissuesthatthe authors did quantify (such asincreasing globalisation and
fracking) are quantitatively smallrelative to the slowdown.

Figure 18 below (see Adleretal 2017) shows thatthe effect of adjusting US labour productivity
growth for some of these factorsis reasonably modest. The largest contributing factor tothe
adjustmentis computerand communication equipment price deflators, reflecting the challenges of
price/quality adjustments.

Figure 18: Accounting for mismeasurement doesn’t change the
story much

US labour productivity growth: official and adjusted (annual average percent)
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Sources: Byrne, Fernald, and Reinsdorf (2016); IMF staff
calculations.
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Overall, these authors’ estimates would add only about 0.3 percentage points to GDP growth per
yearfor the US economy. Thisis small relativeto the 1.8 percentage pointslowdowninlabour
productivity growth peryearover 2004-14 compared to the preceding decade.

Syverson (2016) reviewed estimates of the consumer surplus frominternetaccess in the US and
found a very wide variationinthe estimates. He calculated that the smallest would account fora tiny
fraction of the productivity slowdown; by farthe very largest estimate would still account forless
than one-third of the slowdown. He concluded that the case for the mismeasurement hypothesis
facesreal hurdles when confronted with the data. He gave many of the same reasons as Byrne et al
(2016). He also added that the productivity slowdown has occurred in dozens of countries, andits
sizeisunrelated to measures of the countries’ consumption of ICT or production intensities of ICT.

Similarly, the IMF concluded that while itcannot be ruled out that growing measurementissues
might have played some role inthe observed slowdown, the bulk of the slowdown appearsto be
genuine (seeAdleretal 2017).

Overall, studies suggest that mismeasurement accounts foronly a small proportion of the
productivity slowdown. Butitis hard to be sure, as there is significant uncertainty around the
estimates. Some commentators suggest that the estimates may be onthe low side. Forexample,
Bean (2016) commented that using advertising expenditure toimpute digital product value provides
very much a lowerbound estimate. Aghion et al (2017) noted that most of the estimates inrelation
to price/quality adjustments onlyrelate to the ICT sector, whereas quality changesin services and
othersectors may be more importantto aggregate productivity.

The slowdown may have a number of other causes

In brief, reasons otherthan mismeasurement given for the slowdown include:

e Secular stagnation. A shortage of demand and investment opportunities, evenin alow-interest-
rate environment, is the binding constraint on growth, essentially choking off productivity
growth (Manyikaetal 2017).

e Weakertechnological innovation. Today’s innovations may not be as transformational as those
inthe past(Gordon 2016, citedin Manyika etal 2017).

e Technological gains are yet to emerge. The New Digital Economy may be inthe installation
phase ratherthan the deployment phase (van Ark 2016), causing a delay between recognition of
atechnology’s potential and its measureable effects (Brynjolfsson et al 2017).

e Weakertechnological diffusion across firms. Skill mismatches, competition failures, investment
constraints, and otherfactors have slowed the diffusion machine (OECD 2015a).

e The 1995-2004 period was an anomaly. With the Internet, the reorganization of distribution
sectors etc, a lot of things came together atonce inthe 1995-2004 period;this may have beena
one-time upward shiftin the level of productivity ratherthan a permanentincrease inits growth
rate (Byrne etal 2016).

But overall, the sharp decline in productivity remains a puzzle yet to be resolved (Feldstein 2017).

It is hard to know how New Zealand compares

Itisdifficulttobe sure how New Zealand compares to other countriesin terms of the measurement
issues, as New Zealand has not featured inrecent studies that have directly compared countries.
Some indirectfactorstendto suggest New Zealand could compare favourably, and othersdo not.

Stats NZfollows best practice guidelines for productivity measurement such as those from the OECD
(see OECD 2001), and continually refines its productivity me asures. NewZealand is reasonably well
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placedinrelationto some measurement concerns. Forexample, New Zealand has relatively good
data on ride-sharing companies due to the use of tax administrative datain productivity
measurement, and to the ride-sharing market being subject toregulation.

Some insights may be gained from considering the structure of the economy, and in particularthe
relative importance of the services sectorand the digital economy to New Zealand compared with
other countries. If these sectors feature comparatively stronglyin New Zealand, thenitseems
plausible that the associated measurement challenges are prominent too.

As with most modern economies, the share of servicesis growingin New Zealand. Compared with
othercountries, in 2015 the share of the services sectorin New Zealand (around 70 per cent of GDP)
was just underthe OECD average.® This tentatively implies that the associated productivity
measurement challenges may be broadly similartothe OECD average.

The significance of the digital economy to New Zealand tentatively suggests that the associated
productivity measurement challenges may be comparatively significant too. Assessingthe
importance of the digital economy is not an easy task, as there are numerous definitional issues (see
OECD 2017c). However, the OECD’s most recent digital economy outlook report (see OECD 2017d)
suggeststhat New Zealand is a comparatively digital nation. New Zealand appeared in the top half of
OECD rankings for many of the measuresincluded inthe report, such as the proportion of tertiary
graduatesinICT, the proportion of employeesinthe ICT sector, and the penetration of fixed
broadbandinthe population. In particular, New Zealand devoted the largest share of
telecommunications revenueto telecommunication investment, reflecting the rollout of broadband.

Otherinsights may be gained from considering the extent of mismeasurementin countries similarto
New Zealand. One such country is Australia, which arguably has some characteristics similarto New
Zealand, such as distance from major markets.

If Australiais a useful comparator, the scale of measurementissuesin New Zealand may be small
compared with other OECD countries. Australiaisincluded in some comparative studies about
distinguishing between price and quality changes. Forexample, Ahmad et al (2017) estimated
productivity mismeasurement due to inadequate price and quality adjustment of digital productsin
a number of OECD countries, including Australia. The implied adjustments to GDP growth were
lowerin Australia (0.02 percentage points peryear) compared with other countries (around 0.2
percentage points peryear), which appearstolargely reflect patterns of ICT outputand investment
inthe Australian economy. Assumingthat ICT price adjustment methods,and the composition of
ICT, in Australiaand New Zealand are similar, this tentatively implies that the scale of this source of
potential mismeasurement may be smallin New Zealand compared with other OECD countries.

Comparisons over time and between countries may become trickier

It is hard to know whether mismeasurement now is greaterthan in the past, but factors like the
growthin the services sectorand the digital economy suggest this may be the case (Feldstein 2017).

Changing mismeasurement over time hampers our ability to analyse productivity trends. We would
be lessworried if mismeasurement werestable overtime. Forexample, astable errorin measuring
the GDP growth rate would not cause productivity growth toslow (Adleretal 2017). Giventhat
productivity isalong-run concept, this bias overtimeis worrying.

Changing mismeasurement over time also makes comparisons with other countries increasingly
problematic. Forexample, as countries introduce changes to their measurement practices at
different pointsintime, their measured comparative productivity performances willchange.

® see https://data.worldbank.org/indicator/NV.SRV.TETC.ZS?end=2016&locations=0E-
NZ&start=1990&view=chart.
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6. Potential remedies

This section expands on some of the potential remedies to address the concerns about productivity
mismeasurement setoutinsection5.

We identified three key remedies:
1. improve methods toadjustforprice and quality changes
2. carefullyinterpret productivity measures

3. recognise what productivityisandisn’t.

Improve methods to adjust for price and quality changes

Thisreport has highlighted challenges around the price/quality/volume relationship. As Ahmad and
Schreyer (2016) pointed out, the measurement of price change, and in particularthe distinction
between quality and price change, requiresincreased and concerted effort.

There are two key ways in which output (and input) can be adjusted for quality change (Office for
National Statistics 2007).

1. Adjust the price indices that are used as deflators. Approachesinclude the following:

o Option costing. If the difference between two products consists of one extra option
(such as parking sensorsina car), this extra option could be valued by its price as if it
were purchased separately.

o Hedonicprice adjustment. This approach essentially unbundles the contribution to
prices of different characteristics of a product. It is based on the principle that market
mechanisms allow consumer preferences to be revealed through price. To apply hedonic
pricing, products are defined as bundles of characteristics. Ahedonicregression relates
the measurable price of agood to its measurable characteristics.

o Xspecs. Xspecsis a method used forthe construction of price indicesforservices. X
specs denote additionalinformation collected from service providers about the
expected price of services. Foraservice they delivered in the current period, providers
are asked to estimate for which price they would have provided the identical service in
the preceding period.

2. Find quality indicators and use these to adjust volume. Asan alternative to deflation, volumes
can be measured directlytoarrive at outputin constant prices. Quality is captured by
differentiating according to quality characteristics, so that compositional changes inthe
aggregate automatically capture quality change.

Some of these methods are used in New Zealand, but only fora few products. For example, option
costingisusedinrelationto desktop computers, and hedonicpricingin relation to used cars and
some electronicequipment such as computers and mobile phones.

Some of the key developments which Stats NZ has planned or underway to improve price and
quality adjustment methodsinclude (Bentley and Krsinich 2017):

e Transaction/administrative data. Transaction (or scanner) dataand administrativedata are
valuable fortheirrichnessand timeliness, and (compared with surveys) reduced respondent
burden. These dataare already used for consumer electronics products. Administrative datais
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plannedto be used to simplify price collection for second-hand cars. Research is also underway
to assessthe viability of using government administrative data for rent.

e Webscraped data. Web scraped data have similar benefits to transaction/administrative data.
In the short-term, the feasibility of replacing some of the prices currently collected in the field
with web scraped data will be assessed. Also planned is the automation of the collection of web
pricesthat are currentlyincludedinthe CPI. The longer-term goal is to replace as much survey
data as possible with digital data (which will itselfdirectly increase firm productivity).

e Model-based (hedonic) methods. There isan opportunity to use bigdatato transform hedonic
or regression-based methods. Up until now, big datasuch as scanner data has been pluggedinto
the fixed basketindex. In future, the aim will be to measure pure price change, while controlling
for the changing composition of the products being sold. The medium-term objective is to
replace the monthly food price indexwith bigdataand a model-based approach. Dependingon
the success of this, the approach may be expanded to other products.

Carefully interpret productivity measures

Wheninterpreting productivity measures, itisimportantto bear in mind how the specificdatathat
are usedin constructingthose measures relate to the underlying concepts of outputs, inputs, and
efficiency (Jaffe etal 2016).

Like all measures, productivity measures have limitations in the extent to which they capture the
underlying concepts they are targeting. Forexample, in New Zealand inputs are not quality-adjusted,
and the absence of hours workedinthe LBD affects the accurate measurement of labourinputfor
micro productivity measures. The limitations of New Zealand’s productivity measures are discussed
insection 4, and some rules of thumb to help interpret productivity measures are identifiedin
section 3.

Oneissue thatthisreport has highlighted isthe need tointerpret productivity trends with care. The
growth in the digital economy and services sector make itincreasingly difficult for measurement to
disentangle pure price changes and quality changes. Any potential growth in mismeasurement over
time hampers the analysis of productivity trends.

Recognise what productivity is and isn’t

Productivity is about market production. Productivity is not a measure of wellbeing or welfare. The
output component of productivity measures is often based on GDP. GDP generally values output at
its market price; consumersurplusisthe extent to which willingness to pay is above the market price
(Syverson 2016). As Coyle and Mitra-Kahn (2017) commented, GDP never pretendedtobe a
measure of economicwelfare. In practice, however, itisvery much used as one.

Some commentators have questioned the ongoingrelevance of GDP. For example, Coyle (2014,
citedin Feldstein 2017) commented that GDP is a measure of the economy best suitedtoan earlier
era. Will Page of Spotify (cited in Bean 2016) commented that GDP faces a ‘square peg, round hole’
dilemmainthatitwas originally designed to measure tangible manufactured goods which are losing
relevance inthe modern economy. As aconsequence, afew authors (see forexample Coyleand
Mitra-Kahn 2017) have advocated a radical overhaul or replacement of GDP. If the gap between GDP
and wellbeing widens, the general public may start to lose faith in official productivity measures
(Feldstein 2017).

However, majorreviews of GDP (such as Stiglitz etal 2009; Bean 2016) have not gone as far as
recommendingthat GDP measurement should be abandoned. In fact, Stiglitz et al (2009)
commented that measuring production (via GDP) is essential for the monitoring of economic
activity.
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Corrado etal (2017) argued that, rather than being ‘demolished’, GDP should be ‘repointed’ and
‘extended’. Theseauthors commented that wellbeing indices often suffer from 1) double counting
and 2) arbitrary weights. In contrast, GDP captures productionin a way thatdoesn’tdouble count
(viavalue added) and that has flexible and informative weights (via prices).

Thisreport has highlighted that the digital economy has many benefits to New Zealanders that fall
outside conventional productivity measurement. The mainissue here ishow bestto measure these
benefits. Thereappearto be two key opportunities here. Firstly, Stats NZis connected to
international work to better measure the digital economy. Secondly, Stats NZand MBIE are currently
developingaDigital Nation Domain Plan. This Domain Plan identifies enduring questions about New
Zealand’s digital transformation, and any gapsin the data needed to address these questions. The
enduring questionsinclude some about the impact of New Zealanders’ engagementin digital
technologies (Stats NZ 2018), and so potentially could coverthe unpaid-for benefits from digital
products.
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7. Conclusions and implications

The findings from this reportimply that, fora number of reasons, productivity remains highly
relevantto MBIE’s work.

Firstly, conceptually, productivity growth is the most sustainable way of liftingincomes. Productivity
growth means that resources are being used more efficiently, and thisin turn provides us with more
choices.

Secondly, productivity measures still appear to broadly reflect the underlying concepts to which they
relate. Estimates of the scale of mismeasurement suggest that, forthe most part, measurementis
capturing ‘true’ productivity. Importantly, productivity mismeasurementis assessed as playinga
fairly minorrole inthe global productivity slowdown of recent decades.

No measure is perfect. Bearingin mind thatimperfections are inevitable,a key question to consider
is: Do productivity measures tell us something useful? The answerto this questionis ‘yes’.

The consensus from studies appears to be that GDP and prod uctivity measures should be retained
and improved, and thatthese measures should be complemented with other measures which
capture important aspects of wellbeing, such as the unpaid-for benefits to consumers from the
digital economy.

Thirdly, New Zealand’s historical productivity performance has been poor and mismeasurementis
unlikely to be the cause. So there is plenty of scope forimprovement. Productivitymeasures can
help pointto areas of concern and identify opportunities for furtherwork.

MBIE plays a numberofrolesinlifting productivity. MBIE has some policy levers that affect
productivity, including regulations in relation to businesses, labour markets and a number of product
markets, and policiesinrelation toinnovation, skills, internationalisation and competition. In order
to informthese policy areas, MBIE undertakes research about the underlying drivers of productivity.
MBIE also contributestothe publicdebate on productivity.

Actively contributingto the publicdebate requires adeep understanding of productivity and its
measurement. Thisreportisitself astepinthe direction of one of the suggestionsin this report—to
improve MBIE’s interpretation of productivity measures.

The other two suggestions —to improve methods to adjust for price and quality changes, and to
recognise what productivityisandisn’t —will involve MBIE working with others. Thisincludes
understandingwork underway or planned by Stats NZ. In particular, the joint (with Stats NZ)
development of a Digital Nation Domain Plan may provide an opportunity to explore these
suggestions.
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Glossary

AES: Annual Enterprise Survey.
Allocative efficiency: See Pareto efficiency.
APC: Australian Productivity Commission.

Consumer surplus: A measure of consumerwelfare is defined as the excess of social valuation of a
productover the price actually paid.

Digital economy: An economy that is based on digital computing technologies.

Disembodied technological change: The shiftin the production function (production frontier) over
time. Disembodied technical change is notincorporated in aspecificfactor of production.

DIISRTE: Australian Departmentof Industry, Innovation, Science, Research and Tertiary Education.

Efficiency: The degree to which a production process reflects best practice, eitherinan engineering
sense (technical efficiency) orinan economicsense (allocative efficiency).

Embodied technological change: Improvementsinthe design or quality of new capital goods or
intermediate inputs.

Externality: The production or consumption of goods and services imposes costs or benefitson
otherswhich are not reflected in the prices charged forthe goods and services being provided.

Gross domestic product (GDP): An aggregate measure of production equal to the sum of the gross
value added of all resident institutional units engaged in production (plus any taxes, and minus any
subsidies, on products notincluded in the value of their outputs). The sum of the final uses of goods
and services (all uses exceptintermediate consumption) measured in purchasers' prices, less the
value of imports of goods and services, or the sum of primaryincomesdistributed by resident
producerunits.

Gross national income (GNI): Equal to GDP less primary incomes payable to non-resident units plus
primary incomes receivable from non-resident units. In other words, GNI is equal to GDP less net
taxes on production and imports, compensation of employees and property income payabletothe
rest of the world plus the correspondingitems receivable from the rest of the world.

Growth accounting: A procedure used in economics to measure the contribution of different factors
to economicgrowth andto indirectly compute the rate of technological progress, measured as a
residual, inan economy.

ICT: Information and communications technology.

Intermediate inputs: Goods and services, otherthan fixed assets, used asinputsinto the production
process of an establishmentthatare produced elsewhereinthe economy orare imported. They may
be eithertransformed or used up by the production process. Land, labour, and capital are primary
inputsand are not included amongintermediate inputs.

Labour productivity: Output per unitof labourinput.

Longitudinal Business Database (LBD): A linked longitudinal dataset that coversarange of business
information.

Macro economics: The study of the national economy asa whole.

Micro economics: The study of economics atan individual, group or firm level.



Multi-factor productivity (MFP): Relates a change in output to several types of inputs. MFP is often
measured residually, as that change in output that cannot be accounted forby the changein
combined inputs.

New Digital Economy: The combination of mobiletechnology, ubiquitous access to the internet, and
the shifttoward storage, analysis, and development of new applicationsin the cloud.

OECD: Organisation for Economic Co-operation and Development.

Output: Goods or services that are produced within an establishment that become available for use
outside that establishment, plus any goods and services produced for own final use.

Pareto efficiency: Also referred to as allocative efficiency, occurs when resources are so allocated
that itis not possible to make anyone better off without making someone else worse off.

Partial productivity measure: Relates outputto one particulartype of input, usually labouror
capital.

Primary input: Those factors of productionthatare treated as exogenousin the framework of
production analysis. Theyinclude capital, labour and land.

Productivity: The ratio of a volume measure of outputto a volume measure of input.

Publicgood: A good that one individual can consume without reducingits availability to another
individual, and from which noone is excluded —non-rival and non-excludable.

Purchasing power parity: A price relative which measures the number of units of country B’s
currency that are neededin country Bto purchase the same quantity of anindividual good orservice
as one unitof country A’s currency will purchase in country A.

Real product wage: Average hourly rate of labour compensation (including on-costs) relative to the
price of output —that is, the nominal rate of labour compensation deflated by an index of the prices of
the output produced by that labour.

Satellite accounts: A framework linked to the central accounts which enables attention to be
focused ona certainfield oraspect of economicandsocial life in the context of national accounts;
common examples are satelliteaccounts forthe environment, or tourism, or unpaid household
work.

Total factor productivity (TFP): See multi-factor productivity.

Value added: The value of outputlessthe value of intermediate consumption;itis a measure of the
contribution to GDP made by an individual producer, industry or sector.
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Appendix A — Further information about productivity
measurement

Macro productivity measures

New Zealand’s productivity statistics are consistent with OECD’s (2001) guidelines. The approach
usedis described by Stats NZ (2014a) as the index numberapproachina production theoretic
framework. The approach examines how much of an observed rate of change of an industry’s (or
economy’s) output can be explained by the rate of change of inputs. Thus the approach evaluates
MFP growth residually.

The estimates are fora subset of the marketindustriesin New Zealand, referred to as the ‘measured
sector’. Initially, the measured sectorincluded the primary and goods-producing sectors and some
services like finance and insurance and communication services. In 2008, a few more services
industries (property services, business services and personal and other community services) were
added.

The productivity statistics were first released in 2006. They now cover the period from 1978 (Stats
NZ 2017). Industry-level productivity statistics were first released in June 2010.

The productivity statistics are produced annually. They cover growth rates (but notlevels) in labour
productivity, capital productivity and MFP.

The output measure is value added at constant prices (Stats NZ 2014a). Thisisderived fromthe
same procedures used for GDP. This calculates what each separate producer adds to the value of
final output by deductingintermediate consumption from gross output. This meansthereisno
double counting of output. The dataare drawn from a number of firm surveys (mainly the Annual
Enterprise Survey (AES))and from administrative tax data (Stats NZ 2014b).

There are three methods of deriving the constant price series (Stats NZ2014b):

e Quantity revaluation— the price in the current periodis replaced with the price in the base
period, so that the quantityisvaluedinthe base period price. This method is usually adopted
where there is an extensive range of quantity and price data available. Quantity revaluationis
currently used in measuringthe value added of agricultural industries.

e Price deflation— usesa price index, which measures the change in prices overtime, to separate
out the price movement from the current price series. The current price seriesis divided by the
price index, with the resulting series only reflecting the change in quantity, orvolumes.

¢ Volume extrapolation—a volume indexis used to reflect the change in quantity overtime. This
volume indexis used to multiply the base period value. This results in a constant price series,
whose movements reflect the movementsinthe volumeindex overtime.

Labour inputis based on hours paidforall employed persons (paid employees and the self -
employed) inthe measured sector (Janssen and McLoughlin 2008). Hours paid is used ratherthan
hoursworked (the preferred measure) as, at the industry level, the hours paid measure is more
robust. The key data sources are the Household Labour Force Survey (which has a measure of hours
worked), and the Quarterly Employment Survey (which has a measure of hours paid, but is more
robust than the Household Labour Force Survey at the industry level) (Stats NZ 2014a).

Capital inputis based on the flow of capital services generated by capital stocks, which are
themselves developed using the Perpetual Inventory Method (PIM) for 24 asset types within seven
asset classes (egintangibleassets; buildings; plant, machinery and equipment; transport
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equipment), supplemented with estimates for three otherassets (livestock, timberforfelling, and
land used for agriculture and forestry) (Janssen and McLoughlin 2008). The idea behind thisis that
capital goods provide aflow of capital services that constitutes the actual input to the production
process (similarto employees hired foracertain period can be seen as providing flows of labour
services fromtheirstocks of human capital) (Schreyerand Pilat 2001). The data are drawn from the
Annual Enterprise Survey, as well as estimates for the three other assets identified above.

Labour productivityis calculated by dividing anindex of value added by an index of labourvolume
(Stats NZ 2014a). Similarly, capital productivity is calculated by dividing the value added index by the
capital servicesindex.

MFP is based on an index-number approach in which the residual is calculated as the ratio of the
outputindextotheinputindices (Stats NZ 2014a).

The benefits of the official macro productivity measuresinclude that they:

e are compiledinline withinternational best practice, as set out by the OECD; this means that
New Zealand’s macro productivity measures are broadly comparable with those from other
OECD countries, particularly at the total economy level (Mai and Warmke 2012)

e followaconsistentandstandardised framework based on macroeconomicassumptions (Mai
and Warmke 2012)

e can monitorand analyse changesin economicperformance overtime, and support economic
forecasts (Fablingand Maré 2015a).

The limitations of official macro measuresinclude that they:

e are basedonkeyassumptions, egconstant returnsto scale, perfect competition
e are onlyavailable forthe measured sector, for growth rates and annually

e maskwhere productivity gains are beingachieved

e telluslittle aboutwhatisdriving productivity performance.

In addition to the official productivityseries described above, other macro measures are widely
used. These include GDP percapita, GDP perworkerand GDP perhour worked. These have the
benefit of beingavailable forthe whole economy and quarterly. But (with the exception of GDP per
capita) they are constructed by individual researchers, so can be produced inslightly different ways.

Micro productivity measures

In New Zealand, most recent micro productivity studies use datafrom Stats NZ’s LBD. Two main
sources are used. The AES uses concepts and measures designed forthe purposes of productivity
measurement, butthe size of the survey has declined overtime as the reliance on alternative data
sources has grown. The IR10 tax form has relatively comprehensive coverage, but there is limited
information contained in the two-page form (Fabling and Maré 2015a).

The LBD has limited dataon labourinputs —employment counts (but not hours worked) are
available. Price adjustment of outputs isdone at the industry level, using available price deflators
(Fablingand Maré 2015a).

The benefits of research studies using micro productivity measures include that they:

e allowresearcherstoavoid havingtorely onthe average firm by providing firm-level information,
which can uncover some of the variation in productivity within aggregated industries (Mai and
Warmke 2012)
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allow researcherstorelax some of the assumptions usedinthe growth accountingandindex
numberapproaches

allow researchersto tailorthe measure to the specificresearch question

provide information on the characteristics, practices, behaviours and performance of firms
provide information on firm dynamics (firm entry and exit) and the reallocation of resources
(between firms)

can be usedtoanswera range of questionsincluding: the contribution of firm-level dynamics to
aggregate productivity growth; the productivity impact of firm-level characteristics such as
managerial practices, firm structure, and input quality and mix; and the influence of factors
external to the firm such as competition and regulation (Fabling and Maré 2015a).

The limitations of micro productivity measuresinclude (from Mai and Warmke 2012 unless
otherwise stated):

there are currently no measures of hours, which means thatlabourinput measures are generally
based on job counts

measurementissues are particularly acute for firms where alarge proportion of the labourinput
isprovided by working proprietors. Thisis because the LBD does not have information about the
amount of labourinput that working proprietors provide, and capital inputs are likely to be
mismeasured. These measurementissues are more acute for firm-level productivity measures,
as working proprietor only firms make up a much larger proportion of firms than of employment
(Fablingand Sanderson 2014)

gaps inthe data, so that the figures are not necessarily representative of the entire population
of firms; withinthe industries thatare coveredinthe productivity dataset, aggregate total
income from the data is 62 percentas large as officially measured total income, with variation
across industries ranging from 29 percentto 96 percent(Fablingand Maré 2015a). Note that
missing datais an issue forboth macro and micro measures, but macro measures have
established methods for weighting and imputation of missing data

lack of industry-specific capital price deflators’

no firm-level orindustry-level weights, so aggregating across firms can be problematic

lack of a standardised approach overall, soit can be difficult to compare findings across studies.

’ However, a new data setinthe LBD has recently created anindustry level capital deflator.
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Appendix B — Further information on concerns about
productivity measurement

Prices, quality and volumes

A key challenge presented by digitalisationisin relation to measuring price change (Ahmad et al
2017). Inadequate adjustment for quality change may affect the distinction between price and
volume changes when estimating growth of output and capital inputs. This concernis especially
pronounced for ICT products, which tend to undergo frequent changesin quality and specifications.
When technological progressisrapid, standard methods may undervalue the quality improvements
embodiedin new models, leading to overestimation of the growth of quality-adjusted prices and
underestimation of output volume growth. New products and services are notreflectedinthe price
indices until they representasignificantlevel of expenditures (Feldstein 2017).

Thisis nota newissue. Forexample, disentangling quality improvementsin services hasbeena
challenge foralongtime.

Hal Varian has been at the forefront of raising concerns about the measurement of GDP, includingin
relation to quality changes. He provided an example in relation to photos (see Varian 2016).
Worldwide, the number of photosincreased from around 80 billion photosin 2,000 (easy to
measure) toaround 1.6 trillionin 2015 (harderto measure). The price per photo has gone from 50
centsto 0 cents. Theincrease doesn’t show up in productivity measures since: the price indexfor
photographyincludesthe price of film, developing, and cameras, all of which are vanishing; photos
are mostly shared, notsold (anon-monetary transaction); GDP went down when cameras were
absorbedinto smartphones, as no quality adjustment was applied to smartphones.

A simple firstindication of the possible scale of price mismeasurement can be constructed by
comparing measured price changes across countries. Particularly during a period of relativelylow
global inflation, price movements can be assumed to be broadly similaracross countries forglobally
traded goods, afterallowing for pass through of exchange rate movements.

Ahmad et al (2017) considered price movements for three kinds of products — ICT equipment,
software and databases, and communications services —over the period 1994 to 2015. Theyfound
substantial variation across countries. Forexample, prices of computers and telecommunications
equipmentshowed littlechange overthe two decadesin Spain, and declines of between 70and 90
percent in Australia, Canada, Germany, the Netherlands, UK and the US.

The same authors used the price variations to derive upperand lowerbounds thatindicate the scale
of the potential mismeasurement of growth ininvestment oroutput caused by deflators. The
implied adjustmentsto GDP growth were around 0.2 percentage points peryear for most of the
countriestheylooked at. They noted that while all of the adjustments to GDP translate almost
directlyinto adjustments to labour productivity, the implications for MFP are more complicated. For
ICT goods and software, the upward adjustments to growth also increase estimates of capital stock
and inputs of capital services. The offsetting output effects and input effects are likely to make the
adjustments to MFP estimates much smallerthan those for labour productivity.

Anotherstudy by Goldman Sachs (2015, cited in Bean 2016) estimated that the mismeasurement of
quality change inIT outputleadstoa 0.7 percentage pointunderestimation of annual GDP growth in
the US and up to 0.5 percentage pointsin European countries.

Schreyerand Pilat (2001) argued that quality adjustment of ICT price measures tendsto have a
comparatively small effect on the measurement of economy-wide productivity, and is not of a size to
account fordifferences in measured productivity growth between countries. But the effectson
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measured outputvolumes are likely to be significantinindividualindustries such as the office
equipmentand computerindustry.

However, some commentators have questioned the (small) size of some of the estimates of
mismeasurement of price and quality changes. Forexample Aghion etal (2017) commented that
many of the estimates are based solely onthe ICT sectorratherthan the economy as a whole. They
alsoarguedthat, to date, attention hasfocused on the challenges of measuring quality
improvements when incumbents upgrade their products, or on not capturing the benefits of brand
new varieties. They argued thatthere isasubtler, overlooked, bias in the case of creative
destruction. Whenthe producer of the outgoingitem does not produce the incomingitem, the
standard procedureis to resort to some form of imputation. Imputationinserts the average price
growth among a set of surviving products that were not creatively destroyed. These authors argued
that this misses some growth because inflationis likely to be below-average foritems subject to
creative destruction, and in fact deflation will be prevalent.

These authors developed a model of the US economy (non-farm businesses) over the period 1983-
2013 to examine the effect of imputation on productivity growth, and estimated that 1) missing
growth from imputation was substantial —around one quarterto one third of total productivity
growth and 2) it was mostly due to creative destruction.

The challenges that statistical agencies face when developing price indices include the following
(Byrne etal 2016):

e Data limitations. For the most part, statistical agencies rely on direct survey collection of dataon
transaction prices for constructing price statistics. Data from consultancies, trade groups, and
advertisementsis available, but not fully exploited in the official price index programmes.

e Reproducibility. Statistical agencies should avoid index calculation procedures that depend on
subjective judgment and would not be invariant to which analyst processes the data. This argues
against, forexample, routinely adjusting price indexes by the apparent biasindicated by
research resultsfor previous periods.

e Conceptual incompatibility. There can be a mis-match between economic concepts andfeasible
price index methods, especiallyinrelation toimported goods.

e Limited window for historical revision. Knowledge gained by research cannot be easily
incorporated in the revision window for price indexes.

e Budgetary constraints. Funding limitations for statistical agencies may impair theirability to
addressthe measurement needed for productivity analysis.

Realistically, with products continually evolving, there are limitations to what statistical agencies are
able to do as they are continually forced to play catch-up (Byrne etal 2016). This meansthatin

practice, the extent to which quality changes can be fully adjusted foris uncertain (Gordon et al
2015).

Free and subsidised consumer products

Free digital products for consumers are frequently put forward as examples of output or consumer
welfare thatgo unnoticed in GDP figures (Ahmad and Schreyer 2016). Such productsinclude free
apps forsmartphones or tablets and free search capacity provided by websites such as Google.

The provision of free services by corporations to householdsis nota new phenomenon. Households
have longreceived free mediaservices (television and radio) financed implicitly via advertising. But
digitalisation hasincreased the scale of the issue (Ahmad and Schreyer 2016).

50



In terms of the scale of these issues, McKinsey Global Institute (see Manyika et al 2017) focused on
Skype and found that itgenerated enormous consumer surplus that was not measured anywhere.
40 per cent of international call minutes in 2013 were Skype-to-Skype calls, equivalent to $37 billion
of lostrevenue fortelecom firms. Lower usage of paid calls will affect measured productivity if there
are economies of scale.

Because there is no explicit payment by the consumerthere isanargumentthat GDP is
underestimated by the value of the free services received (Ahmad and Schreyer 2016). But this to
some extent overlooks the fact that the consumerdoesindirectly pay through the higher prices paid
for advertised products, as the firms paying forthe advertising recoup their costs.

Facebook and Google are therefore counted in GDP as providing advertising services to businesses,
not services consumed by households (Byrne et al 2016). So the rise in GDP can be traced to
households’ production of ad-watching services. The authors argue that this approach is reasonable;
it monetises animplicit barter transaction that consumers undertake with Google and Facebook and
otheradvertising-supported service providers and it recognises that consumers valuethe services
theyreceive.

A more recentdevelopmentisthe emergence of new data-driven business modelsinvolving the
acquisition of large amounts of information on consumers’ preferences, characteristics and spending
patterns. Again, consumers pay for this to some extentas the informationis used by producersin
the marketing of theirgoods and services.

More generally, GDP is nota measure of welfare or consumer surplus, and so should only capture
consumption that consumers pay for (Ahmad and Schreyer 2016). Examples where freeor
subsidised consumer products are correctly excluded from GDP include the following (Byrneetal
2016):

e Thegainsimplied by consumers’ time spentonthe internetetcare linked to home production of
non-market services, notthe market outputthatis the object of productivity measures.

e Thenumberof websites orvideos available onthe internet is not, perse, a direct aspect of the
guality of the internetservice providerand so should be excluded from GDP; in contrast, an
improvementin download speed conceptually represents alarger quantity of marketservices.

e Thegreatervariety of products available online, and better matches availablefrom more
information and consumer reviews etc, makes more efficient use of existing products and raises
welfare, butdoes notrepresentanincrease in marketoutput.

Ahmad et al (2017) tried to assign a value to the free media productsthatare providedto
households by assuming thatitequals the revenue thatthe producers of these products receive
fromadvertisers. Note that media productsinclude programming and broadcasting, publishingand
web portals. Their estimates of the turnover of mediaindustries, financed primarily by advertising,
range from 0.4 percent of GDP in Greece to 1.3 per cent of GDP inthe US in 2013. The impacton
average annual GDP growth overthe period 2009-13 ranged from an extra 0.07 percentage points
perannum to GDP inthe US, to a 0.17 percentage points perannum declinein Greece (driven by
contractionsin programming and broadcasting and publishing excluding books and software
industries). Overall, they concluded thatimputing values for free media productsis likely to have a
minimal impact on GDP /evels (at most 0.1 per cent per annum of GDP), with negligible impacts on
GDP growth rates.

The same authors also considered the value of datato businesses. They commented thatthe
information available on thisis scant. They estimated that the value of user data as a share of GDP is
around 0.02 percent peryearat the global level in 2016. They concluded that while the value has
increased overthe lastfew years, itis clearthat the impact of including free services consumed by
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households on estimated GDP volume growth consumption would be very marginal. They also noted
that if both advertising and datarevenues were used in combination therewould be significant
double counting.

In sum, the effects of these free services appearto be small (Ahmad etal 2017). Itisalsoimportant
to note that conceptually GDP (and productivity) isameasure of production, and nota measure of
welfare orconsumersurplus (Ahmad and Schreyer 2016). In other words, GDP should only capture
consumption that consumers pay for. Having said that, it would be useful to supplement GDP figures
with estimates of consumer surplus from these free services.

Free assets produced by households

Anotherfree serviceis the creation of publicgoods using labour provided forfree, and where
financingis typically only provided by donations (as opposed to paid services forthe use of the
goods, whetherdirectly asfees orindirectly viaotherforms of financing eg advertising). Wikipedia
and Linux are two well-known examples.

Ahmad et al (2017) provided estimates of the value of Wikipediaifitsold advertisingor charged a
feeforitsservices—0.0004 and 0.1 percentrespectively of world GDP in 2016.

While these services have provided significant benefits for consumers and a case can be made that
time spentonthese activitiesincludes an element of production, itis also clearthat, within the
currentframework at least, they (correctly) do notenterinto GDP (Ahmad and Schreyer 2016). This
isbecause the currentframework values the services provided by volunteers at zero.

Peer-to-peer services

Peer-to-peer (consumerto consumer) transactions facilitated by web-based intermediariesin the
corporate sector are a key feature of the digitalised economy (Ahmad and Schreyer 2016) . This is
sometimesreferredto asthe sharingeconomy. Perhapsthe best known examples today are
UberPOP and AirBnB, but others such as eBay have provided similarintermediation services for
considerably longer.

Households have long engaged in peer-to-peertransactions such as the provision of dwelling rental
services, the provision of taxi services (often unlicensed), and the sale of second hand (and indeed
new) goods (egviacar boot sales and classified adverts). And GDP, at least conceptually, captures all
of the related transactions and value added created. Whatis different now is the scale of the issue.

However, evenif the output of these servicesisreasonably well capturedin current esti mates of
GDP, at least for taxi services, the underlying fixed assets (vehicles) used in the provision of these
services are often not correctly recorded as fixed assets (Ahmad et al 2017). This affects the current
official estimates of the capital stock, and, inturn, productivity.

Ahmad et al (2017) estimated the effect on US productivity of including Uber cars in the capital stock
in 2015; the effectisverysmall.

Peer-to-peertransactions should theoretically appearin the tax administration data (Ahmad and
Schreyer 2016) so this data can be used to include these transactionsin GDP. Note that thisis
already the case in New Zealand.

Consumers as producers

Increasingly, households are involved in intermediation that would previously have been undertaken
by a dedicated intermediary. In other words, households are increasingly engaged in activities that
would previously have beenincluded in GDP (Ahmad and Schreyer 2016). Examplesinclude the use
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of internetsearch engines ortravel websites to book flights, self-check in at airports, self-service at
supermarkets, cash withdrawal machines, and online banking.

Thisis a long-standingissue. Forexample, in the early 20" century, paid domestic workers did many
tasks that by mid-century had been taken over by the homeowners themselves (Byrne et al 2016).

Households have also long combined purchased market goods and services with theirowntime to
generate the actual service they value. Forexample, they buy asoccer ball (whichis part of GDP),
and combine that market purchase with their (leisure)time, and their children’s time, to obtain
soccer services (Byrne et al 2016).

The key questionis whetherthisincreased displacing participation should be included in GDP, one of
the main arguments beingthat GDP would be higher, forexample, when atravel agentacts as an
intermediary to conduct the search. By convention, the answeris no (Ahmad and Schreyer 2016).
There has been along-standing critique that many services provided by households for theirown
consumption (cooking, cleaning, baby-sitting, shopping) couldin theory be provided by athird-party
and so shouldbe includedinthe production boundary.

Cross-border trade

The measurement of trade presents some significant challenges in areas such as intra-firm
transactionsin data, digital services, and intellectual property. The large jump in Irish GDP estimates,
reflecting the relocation of some USfirms to Ireland, is a key example (Ahmad et al 2017).

In particular, intellectual property products (IPPs) have increased the ability of firms to shift the
registration (legalownership) of their IPPs from one (high-tax) jurisdiction to another (low-tax) one,
and as a consequence also shiftthe underlying value added created by these assets. IPPsinclude
R&D and computersoftware and databases (Ahmad and Schreyer 2016).

Theissue here is not whetherthe flows from the assets are recorded in national accounts, but
whetherthe recordingaligns with concepts of ownership. Ratherthan legal ownership, the principle
of economicownership (who runsthe risk and receive the rewards) should determine in which
country’s national accounts the assets should be captured. Any mis-classification affects the
interpretation of GDP statistics and the comparability of GDP across countries. Because these assets
are part of the capital stock, productivity is also affected.

This problemis exacerbated when the scope of digitalised assets is expande d. The most commonly
used classification of abroad scope is called knowledge-based assets and includes:

e computerisedinformation, ie knowledgestoredin programmes
e innovative property, ie R&D assets
e economiccompetencies,ie humanand organisational capital.

In most countries, estimates suggest that the contribution made by knowledge-based assets not
includedinthe national accounts is typically largerthan those ones thatare (Ahmad and Schreyer
2016).

One solutionistoreallocate income flows related to the use of the underlying assets as value added
generatedinthe territory of the parent company, resultingin higher labour productivity figuresin
those countries with positive net receipts from knowledge -based assets and lower labour
productivity in those with negative netreceipts (Ahmad and Schreyer 2016). This approach equally
appliestothose knowledge-based assets currently outside of the national accounts. Thisimplies
some cautionininterpreting the productivity results thatemerge from extending the asset boundary
withoutadjustingforthe cross-border use of the underlying assets.
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Market services

Measuring the outputand prices of servicesisinherently more difficult than for goods as the basic
unit of productionis harderto define (Bean 2016). Services are often tailored to a particular
consumer’srequirements. This customisation makes it hard to compare like with like and thus to
construct an appropriate price index. This affects not only the measurement of consumerservices,
but also business services and thus the construction of intermediate consumption.

New digital technologiesincrease the scope for mass customisation tofit specificconsumer
preferences, leading to greater variety across services (Bean 2016).

The measurement difficulties include (Diewert 2005, cited in Fox 2007):

e Unique services—how to construct indexes overtime if the service is only observed once? This
isbecoming more common.

e Complexservices—such as telephone service plans.

o Tiedservices— how to separate the prices and hence quantities of bundled services?

The service sector has grown dramatically in mostindustrialised countries —including New Zealand -
overrecentdecades. These factors make controlling for quality differences more complicated
(Ahmadetal 2017).

An important pointinrelation tothe growth of servicesis Baumol's cost disease (orthe Baumol
effect). Thisisthe rise of salariesin jobsthat have experienced noincrease in labour productivity, in
response torisingsalariesin otherjobs that have experienced labour productivity growth. Rising
labour productivity in sectors like manufacturing allows employers in that sectortoincrease wages.
This has a knock-on effectto other sectors which are competing for workers, including services. But
itisharderto lift productivity in labour-intensive services. So the effectis to raise the price (wages)
of labour, with no correspondingincreasein aggregate output (and hence productivity). Infact,
aggregate productivity falls because of reallocation of labour between productive and less
productive sectors.

Government services

Measurement difficulties are particularly pronouncedin relation to governmentservices andinclude
the following (New Zealand Productivity Commission 2017):

e Lack of prices. Many government services (eg education, health, administration and defence)
are provided free oratnominal charges. Because the outputs cannot be valued, they cannot be
aggregatedinthe same way that private sector outputs can.

e Collectively consumed. Some government services —like defence —are notdirected at
individuals but at the population at large. For collective servicesitis especially hard to measure
outputs.

e Definingoutputs. Outputs are the completed services produced and ready for consumption. But
determiningthe correct level of aggregation of outputs for government servicesis difficult (eg x-
ray versus entire course of treatment fora brokenleg).

e Quality changes. There is a lack of systematically-available information on how the quality of
servicesis changingovertime. Notadjusting for qualitycan create perverse effects. For
example, an education policy of smaller class sizes may lift the quality of education, but may be
measured as a reduction in productivity (when outputis measured by student places and labour
input as teacher FTEs).
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Due to these measurement challenges, nationalaccounts have traditionally valued publicsector
outputs at the cost of their production (New Zealand Productivity Commission 2017). In New
Zealand (and elsewhere), publicsector outputs are included in official GDP statistics via their cost,
but notin official productivity statistics, which only coverthe measured sector. It would be
meaninglessto calculate productivity (outputs divided by inputs) when outputs are estimated as
inputs.

In 2010, Stats NZ began to explore optionsto measure the productivity of government services (see
Stats NZ 2010). They concludedthatit wasfeasible to estimate changesinthe productivity of
government health and education services. In 2013, they provided the first official estimates of
productivity forthe education and training, and health care and social assistance industries. The
initial series covered the period 1996-2011, and the series has subsequentlybeen updated each
year. The productivity measures reflect output growth relativetoinput growth (New Zealand
Productivity Commission 2017). Output growth reflects the change inthe amount of activity
undertaken (Stats NZ 2010). But as noted above, the productivity estimates for government services
have not beenintegrated into the wider official productivity estimates.

To provide some sense of scale of these issues, note that publicservices make up around 20 per cent
of the economy (New Zealand Productivity Commission 2017).

Ways to improve productivity measurementinthe publicsectorinclude (New Zealand Productivity
Commission 2017):

e Directly count the outputs in a givenarea — forexample, to count the number of court trials,
and divide itby the total cost of administeringtrials.

e Cost-weightthe outputs. To enable outputsto be aggregated, the counts can be weighted by
whatit cost to produce them.

e Apply an additional quality-weighting. To adjust for quality variations, an additional weighting
can be applied tothe total outputs weighted by unit costs metric.

The environment

Natural resources are an asset which provides aflow of services which are aninputto production. So
intheory theirproductivity can be calculated in the same way as for capital services.

Rising environmental and resource productivity would appearto be a necessary condition forgreen
growth (OECD 2011). Whenthe use of natural resourcesis not recognised as a cost of production,
thereislessincentiveto use these resources optimally (Stiglitz et al 2009). If services provided by
natural assets are shown, resource productivity can be tracked and put on the same footingas
measures of labour productivity or (produced) capital productivity. Choices between promoting GDP
and protecting the environment may be false choices, once environmental degradation is
appropriately included in our measurement of economic performance ( Stiglitz et al 2015).

As with the other measurement challenges noted above, conceptually GDP is based on market
valuations of goods and services. Externalities such as pollution are excluded from GDP, but are
importantinterms of society’s valuation (OECD 2011). In addition, as a gross measure, GDP takes no
account of depreciation, depletion or degradation of assets, whether produced or natural.

When natural resources are included in productivity measurement, as with otherinputs, itis
importantto capture quality changes. Failingto capture a decline inthe quality of natural resources,
such as declining soil quality, may lead to an over-estimation of input volumes, so productivity may
be under-estimated (Schreyer 2012). For example, fracking enables lower quality land to be used as
an inputinto mining (Byrne etal 2016). If this fallininput quality is nottakenintoaccount in the
production process, input volumes may be over-stated and thus productivity may be under-stated.
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In practice, services from natural assets are rarely quantified in economic models and accounting
frameworks (OECD 2011). This is partly due to the challengesin producing areasonable estimate for
the value of the service. Ata minimum, this requires an e stimate of marginal abatement costs, at
best an estimate of society’s marginal valuation of the environmental service. In some cases, such as
the environmental services from biodiversity, itis very difficult to derive arobust valuation.

Excluding natural resources from productivity measurement means that productivity growth can be
overestimated in countries where output growth reliesto alarge extent on the depletion of natural
capital, and in countries that hold production costs down by relying on heavily polluting technologies
(Brandtet al 2014). Conversely, the economic performance and sustainability of an economy that
investsinamore efficient use of the environmentin production may be underestimated, as some
inputs do not serve toincrease the current production of goods and services, but to reduce the
associated negative externalities.

Brandt etal developed productivity measures which incorporate natural capital as a factor of
production (Brandt et al 2013), and which include externalities as bad outputs (Brandt et al 2014).

In theirfirst paper, Brandtet al (2013) extended aggregate economy productivity measures mostly
from the OECD Productivity Database by incorporating natural capital as an additional input factor
intothe production function. Theiranalysis covered the period 1985-2008. More specifically, these
authors considered oil, gas and various minerals as natural capital inputs, drawing on datafromthe
World Bank. Theirresults suggested that failing to account for natural capital te nds to lead to an
underestimation of productivity growth in countries where the use of natural capital in productionis
declining because of adwindling natural capital stock. In addition, productivity growth is sometimes
overestimated in times of natural resource booms, if natural capital is not takenintoaccountas an
input factor. The direction of the adjustment to productivity growth depends on the rate of change
of natural capital extraction relative to the rate of change of otherinputs.

In theirsecond paper, Brandtetal (2014) developed a productivity measure that explicitly
accounted forundesirable goods, or bads (CO,, SO, and NO, emissions), as an output of the
production process. They used aggregate economy datafora sample of OECD countries along with
Russiaand South Africaforthe period 1990-2008. Theirresults suggested thatthe adjustment of the
traditional productivity growth measure for bad outputsis small. They argued thatthisis good news
for tworeasons. First, itimplies thatignoringthese bad outputs resultsin arelatively small bias of
productivity measurement. Second, italsoimpliesthat the acceleration in productivity growth that
would help to substantially reduce these bad outputs, without reducing output growth, should be
possible toachieve.

In the second study, emissions growth was found to be below GDP growth in all countries, sothe
correction of the traditional MFP measure for the effect of bad outputs was positive. The
interpretation of this upward correction was that traditional MFP measures fail to take into account
environmental technological progress and structural change towards sectors with lowe remissions,
like services. New Zealand had one of the lowest adjustments, due to our high emissions rates
compared with othercountries.
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