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EXECUTIVE SUMMARY

This study seeks to gather robust econometric evidence on the relationship between health and
safety (H&S) activity undertaken by firms in a sector and sectoral economic performance in the
UK. It presents a relevant literature review, a methodology for undertaking an empirical study, a
review of H&S and other data used to inform the analysis, the empirical study itself and the
comments of an independent peer reviewer.

The approach taken involved:

framing a model for understanding the manner in which H&S activity impinges on the
productivity of a sector of activity in the UK

specifying a flexible empirical specification of the production process by sector using a
gross output growth accounting framework capable of embracing a range of theoretical
perspectives

allowing for the empirical estimation of the major drivers of long-run industrial
productivity growth in the UK by sector over the period 1970 to date as suggested by a
literature review and utilising Cambridge Econometrics' annual time series of input-
output consistent volume and value indices of change for 42 sectors of the UK economy
from 1970 and the Bank of England Industry Dataset (2003)

incorporating novel data sets on H&S activity by the HSE and LAs, specifically derived
for this study in cooperation with the HSE, so as to look at the potential impact of
health and safety activity on all components of factor productivity, while recognising
that observed data on stringency measures of H&S activity are only available for the
last ten years and are of mixed quality

The main conclusions of the study are:

The underlying process and linkage between H&S activity and sectoral performance is
quite complex.

It is not clear a priori whether greater H&S stringency would lead to a fall in output and
productivity as firms struggle to meet stricter regulatory requirements or whether, in
conformance with the Porter hypothesis, higher H&S stringency will lead to the
adoption of better technologies thereby enhancing productivity.

It is possible that greater H&S stringency in some sectors may lead to a short-term fall
in output but as newer technologies are adopted the long-term impact is an eventual
increase in productivity. However, the lack of sufficient time-series data on H&S
variables makes it difficult to identify any time trend in the impact of stringency data on
productivity.

The analysis done using the available (sectoral cross-sectional) data (while controlling
for average firm size in a sector) yields statistically stable results although these show
that the impact of H&S activity on sectoral productivity is not very strong. This may be
because the impact of H&S activity on technology and production techniques is felt
after a time lag which is difficult to capture given the lack of time-series data. Also, the
impact of H&S activity could also be felt through secondary sources such as increased
capital investment or better labour.
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Despite these caveats, the results show that measures of H&S stringency that have a statistically
significant, albeit small, effect on productivity are ‘notices issued’, ‘investigations’,
‘inspections’ and the ‘cost of regulation’.

The cost of regulation' and the number of notices issued are positively associated with
productivity. This indicates that sectors in which the cost of regulation is higher and those
which receive a greater number of notices may have more incentive to invest in safer
technologies that also positively impact productivity. These findings are consistent with the
Porter hypothesis, although with limited possibilities for building time-adjustment into the
analysis, this cannot be concluded with certainty. An alternative explanation could simply be
that firms with low compliance, and therefore which have a greater number of notices, have
higher productivity.

The number of investigations and inspections are both inversely related to productivity,
indicating that greater operational activity (more inspections and investigations) is associated
with lower productivity, although whether this is due to the simple fact that there is more HSE
activity and monitoring in lower productivity sectors or whether a higher number of inspections
initially lowers productivity as firms struggle to comply with regulation is difficult to ascertain
with the available data. This negative association might imply that if H&S stringency measures
were to be tightened, productivity would fall in these sectors, at least in the short-term.
Generally, more regulated sectors have a higher number of inspections while investigations are
higher in low-compliance sectors. If this is the case, then low compliance (higher notices)
would be associated with low productivity.

While there are both positive and negative effects associated with different stringency measures,
there is no over-riding positive or negative impact that can conclusively support Porter’s
hypothesis for the overall UK economy.

It can be concluded that increased H&S activity has not been detrimental to sectoral
performance. The evidence suggests that the investigations and inspections processes have a
small, negative association with productivity. These are therefore the two regulatory procedures
where the HSE may wish to ensure that the costs to businesses in terms of compliance are not
higher than required to “catch up’ with achieving necessary compliance.

L 1t should be borne in mind that the ‘cost of regulation’ variable does not take into account how much of
the compliance cost a firm can pass on to consumers. The more firms are able to do this, the less incentive
there will be for them to make cost-saving investments.



GLOSSARY

CLEMS-TFP

‘Capital Labour Energy Materials Services’ TFP based on gross output

Convex production
space

an output space such that any averaged combination of inputs produce
an output that lies within the feasible output from the inputs taken
separately

Efficiency technical efficiency is the degree to which engineering 'best practice' is
achieved; allocative efficiency measures the distance from an optimal
(usually) profit-maximising solution

Endogenous causally determined factor in modelled change

EPA Environmental Protection Agency

Exogenous external factor driving modelled change

Factor of production

primary input into production such as labour or capital

Factor Productivity

output change related to specific input change at the margin

FDI

Foreign Direct Investment

Gross output

total measure of (physical) output

GFCF Gross Fixed Capital Formation

GLS Generalised Least Squares

GVA Gross Value Added

HAVS Hand Arm Vibration Syndrome

H&S Health and Safety

HSC Health and Safety Commission

HSE Health and Safety Executive

ICT Information and communication technology

Intermediate outputs

the factors of production that are produced and transformed or used up
by the production process within the accounting period

10 Input-Output

LA Local Authority

MB Marginal Benefit

MC Marginal Cost

MDM Multisectoral Dynamic Model

Net output value added measure of output

Netput in a multi-product input-output inter-relationship; a netput is negative if
it defines an input level to a production activity, positive if it defines an
output

OECD Organisation for Economic Co-operation and Development

ONS Office for National Statistics

OSHA Occupational Safety and Health Administration

PIM Perpetual Inventory Method; a method for achieving stock asset

measures by cumulating flows over time and allowing for depreciation

Primary inputs

all forms of capital and labour

PF

Production Function; function linking maximum output to available
inputs: flexible forms satisfy some of the basic requirements of
production theory while allowing parameters to be determined by data
fit; a frontier production function defines the envelope of technically
feasible outcomes

Profit function

maximum value function relating profits to the price of inputs and
outputs of the industry

RCI

Risk Control Index

Returns to scale

ratio of the proportion of output change to a given proportional increase

vii
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of inputs, constant returns is when a k-fold increase in output occurs as a
consequence of a k-fold increase in inputs

RIA Regulatory Impact Assessment

RIDDOR Reporting of Injuries, Diseases and Dangerous Occurrences Regulations

RTD Research, Training and Development

SNA 93 System of National Accounts, United Nations' standard for international
presentation of national accounts. This version was specified in 1993.
Previous versions were 1953 and 1968. An important component of
SNA '93 is the so-called SUT - Supply & Use Table - the system which
forms the basis for the construction of input-output tables

SUTs Supply and Use Tables

Technology currently  known ways of converting resources into outputs.
Disembodied technology is costless general knowledge - 'blueprints'.
Embodied technology - built in to the latest generation of a factor and
not in previous 'vintages'

TFP Total Factor Productivity or multi-factor productivity, a measure of the
rate of transformation of a total bundle of inputs into total output

Translog Transcendental Logarithmic (production function) - see Annex to chap 3
for details

Value added gross output less intermediate consumption (outputs - inputs)




1 INTRODUCTION

1.1 OBJECTIVES AND FRAMEWORK OF ANALYSIS FOR THE STUDY
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Figure 1.1 Relating health and safety activity to business performance

1.1.1 Objectives

This report seeks to gather robust econometric evidence on the relationship between health and
safety (H&S) activity undertaken by businesses and business' economic performance in the UK
economy. Figure 1.1 shows how this study has taken as its framework for analysis a production
function approach that expresses the manner in which H&S activity is expected to impact on
business performance. Both firm and individual employee decisions are seen as critical
elements in economic performance of firm and industry, with H&S activity as one of the factors
that affects costs but also drives up the quality of the working environment. This encourages the
process of investment in both human and physical capital, and, in the context of economic
change, allows a firm to change its competitive offer in its existing or prospective markets
subject to regulation.

The study considers all H&S activities that firms carry out in compliance with legal/regulatory
requirements.

1.2 CONTEXT OF STUDY

The HSE estimates that 40 million working days (about 0.6% of all working days) were lost to
occupational injury and ill health in Britain in 2001/02 with 7 million days (about 0.1% of all
working days) attributed to occupational injury.



While parts of preceding legislation remain in place’ and subsequent legislation has been
added®, the 1974 Health and Safety at Work Act” is the major legislative basis for current health
and safety regulation. It places general duties on all employers to protect the health and safety
of their employees and those affected by their work activities, and seeks to guide employers to
strive to undertake better H&S practice. The Act led to the setting up of the Health and Safety
Commission (HSC) and the Health and Safety Executive (HSE), and a provision for local
authorities (LAS) to enforce health and safety law in certain premises.

The HSC and the HSE are responsible for the regulation of almost all the risks to health and
safety arising from work activity in Britain by ensuring risks in the workplace are properly
controlled. Their remit covers health and safety in nuclear installations and mines, factories,
farms, hospitals and schools, offshore gas and oil installations, the safety of the gas grid and the
movement of dangerous goods and substances, railway safety, and many other aspects of the
protection both of workers and the public.

Local Authorities are responsible to the HSC for enforcement in offices, shops and other parts
of the services sector, including leisure and catering sectors and residential care. Inspectors
have substantial statutory powers and can enter any premises where work is carried on without
notice. In the case of the inspector being dissatisfied, enforcement notices can be issued by the
HSE and local authorities. These can range through advice and warnings, improvement notices,
deferred prohibition notices or immediate prohibition notices, and, ultimately, prosecution.
Each workplace is visited and rated for risk with such inspections generating close to 20,000
enforcement notices in 1999-2000.

The HSE employs close to 4,000 staff and spends close to £40m each year on its research and
investigative activities® while about 3,500 (1,100 full-time equivalent) H&S inspection staff are
employed by the 400 or so local authorities in Britain. Development of the regulatory regime
and approved codes of practice (ACOPs) is an evolving and ongoing process, with some 2,000
documents currently providing guidance to different sectors and activities and notifying
employers on the current standards that inspectors expect to be achieved in the workplace. In
addition, for the major hazards industries where 'permissioning regimes' require regulatory
approval - gas transportation, offshore and onshore petrochemicals and the railway industry -
charges are made for inspections, investigations and approvals.

The current national support strategy for workplace health and safety is set out in the February
2004 document Strategy for workplace health and safety Great Britain to 2010 and beyond®.
The strategy sets out a clear direction for the health and safety system and defines the specific
roles of the HSC, the HSE and the LAs. In terms of this study, one of the specific aims of this
strategy is to develop closer strategic partnerships to improve the contribution to employment
and productivity by keeping those at work healthy and in work.

% These include the 1961 Factories Act, the 1964 Offices, Shops and Railways Premises Act and the 1965
Nuclear installations Act.

® These include the 1992 Transport and Works Act, the 1993 Management and Administration of Safety
and Health at Mines Regulations, and the 1993 (European Union Framework Directive 89/391/EEC)
Management Regulations.

* S11974/1439

> Source: The Health and Safety System in great Britain, HSC, 2002,HSE Books

® A strategy for workplace health and safety in Great Britain to 2010 and beyond, HSC, Feb 2004



2 REVIEW OF THE LITERATURE

Neoclassical View New Growth Theory

Investment Technology endogenous

Human capital R&D

Technology exogenous Infrastructure
constant returns Other Views Agglomeration/cluster
economies

non-constant returns

Transaction costs
Urban Growth
Business strategy

Multinational enterprise

Figure 2.1 Theoretical approaches to understanding growth performance

2.1 INTRODUCTION

This literature review is designed to support the work undertaken for this study and is not
intended to be a comprehensive survey of the growth accounting literature, although additional
readings are provided to indicate the scale of this literature and an audit of the range of
references explored. This chapter looks first at the different theoretical approaches that have
been used to explain economic performance by firms and industries and that might consequently
inform our understanding of the way that H&S regulation could impact on the business
economic performance of industries in the UK.

Figure 2.1 illustrates the range of competing explanations for growth performance and presents
a stylised interpretation of how three major groups of productivity-based approaches might be
distinguished. The main division is between neoclassical and new growth theories. The review
also looks at the issue of measuring performance and justifies the reason for choosing the
approach in this study, viz. a time series sector-based approach using the growth accounting
residual Total Factor Productivity (TFP). It introduces the early work in this area to present
context but concentrates on presenting issues for this study based on the range of most recent
studies using the approach, and that are judged as being helpful in shaping the form of the
current study. It also reviews the literature that has looked at health & safety and other
regulatory economic impacts on productivity using an industry-based productivity analysis
approach.

The review concentrates its concerns on measurement of the most straight-forward indicators of
performance: growth in GVA (Gross Value Added) per employee or per hour worked by sector
of UK industry, widely recognised as the starting point for any economic analysis involving
counterfactual modelling.



2.2 ECONOMIC PERFORMANCE THEORIES

2.2.1 Neoclassical theory perspectives

At the firm and industry level, or micro-economic, the level that is the interest of this study,
there exists a reasonably clear and straightforward understanding of the notion of economic
performance derived from traditional neoclassical theory. This is based on the capacity of firms
and industries to compete, to grow, and to be profitable. At this level, competitiveness resides in
the ability of firms to consistently and profitably produce products that meet the requirements of
an open market in terms of price, quality, etc. Any firm must meet these requirements if it is to
remain in business, and the more competitive a firm relative to its rivals the greater will be its
ability to gain market share or grow profits, depending on industry conditions, and the firm's
strategy.

It will consequently rate higher on the performance measures linked to this ability to compete -
such as labour productivity, profitability and output growth rates. Conversely, less competitive
firms will find their market shares decline, and ultimately any firm that remains uncompetitive -
unless it is provided by some ‘artificial' support or protection - will go out of business. Ability to
compete in openly competitive economies is based on a superior productivity performance and,
in a technologically changing world, on the ability of a firm to move to higher productivity
activities, which in turn can generate higher levels of profits and wages. There are distinct
theories of the competitive behaviour of firms and of the markets they operate. These provide
starkly different perspectives on how firms compete and will perform depending on the market
and technology assumptions. It is useful to distinguish the neo-classical and endogenous growth
theoretical perspectives that underlie much of the literature discussions.

The core neo-classical assumptions

The core assumptions of neo-classical theory include perfect information and constant returns to
scale (increasing inputs by any amount leads to an increase in output of exactly that amount).
These assumptions provide the necessary conditions for a model in which firms and industries
compete in a neo-classical world of perfect competition, where comparative advantage and
relative performances exist due to differences in the relative abundance of factors of production
(factor endowments). With technology assumed to be exogenous (fixed) for each firm and
uniformly available this translates into a relatively straightforward productivity model, where
performance is driven by the quantity of factor inputs, and therefore the ability to accumulate
capital is a critical driver of a firm's performance in gaining market share. Neoclassical growth
theory provides the foundation for much of the modern econometric analysis of productivity
growth with the Solow (1956, 1957) growth model in particular the theoretical foundation for a
large literature relating productivity to input factors and technological change.

Growth accounting

The most highly structured approach drawn from this Solow tradition has emerged as the
aggregate growth accounting framework, with human capital added into traditional labour and
capital as factors driving economic growth. There is also emphasis on multi-sectoral detail with
total (or multi-) factor productivity (TFP) allocating the contribution to growth of output to
inputs, and with the residual from this then related to knowledge and other variables. Such an



approach requires independent measures of capital and labour inputs, and is now captured in the
internationally recommended approach of the OECD (2001a and 2001b).

Such a two-stage approach to productivity measurement is quite naturally associated with the
suggestion that technology is exogenous (and therefore not embodied in particular factors) but
this need not be the case. An influential model of this type that substitutes investment for
capital and then derives an estimating equation on the basis of an aggregate Cobb-Douglas
production function is provided by Mankiw, Romer and Weil (1992). This relates total factor
productivity to knowledge factors, which in turn are related to institutional and other starting
conditions. Where the approach has gone subsequently is in allowing for more flexible
specification of the functional form, elaboration of sectoral effects, and more careful treatment
of estimation issues.

Since this approach is the selected one for this study, a more detailed discussion of specification
and estimation issues using this approach is undertaken in Chapter 3, with an additional
technical annex providing a full formal derivation of results used in specification of the flexible
functional specification - the transcendental logarithmic (translog) production function — that
was the starting point for analysis in this study.

2.2.2 A national accounts-based perspective

The OECD (2001a) manual presents the most detailed practical specification of the TFP
approach, with OECD (2001b) presenting associated capital measurement solutions, albeit from
the perspective of an international statistical office and with a national accounts focus, rather
than an econometric testing focus. They usefully distinguish capital-labour TFP from capital-
labour-energy-materials-services (CLEMS) TFP, with the latter fully reflecting the role of
intermediate inputs in production (and therefore providing the preferred method of choice in this
study).

Gross and net output measures

The critical difference between gross and net measures of productivity reflects the role of
intermediate inputs, viz. those factors that are produced and transformed or used up by the
production process within a given accounting period. In a full multi-sector specification this
will involve the use of inter-industry accounts. The SNA 93 standard for international (and UK
national) accounts provides for such separation of the uses and resources within production
units. This CLEMS-TFP approach would operate with gross output and consequently requires
information on the time-series of prices and volumes of intermediate inputs bought by each
sector. This would be achieved by using input-output tables for the whole period, the
recommended approach in SNA 93, although requiring some data construction in the UK
context, where full I-O structure and Use tables have been calculated only infrequently.

Lau and Vaze (2003) review the implementation of this approach in the UK by ONS but there is
a strong US-based literature in this area with Jorgenson and Griliches (1967) providing the basis
for many contributions. Jorgensen, Ho and Stiroh (2004) provide a particularly relevant
example of a growth accounting empirical study of US industries, which demonstrates the
importance in a US context of measuring intermediate inputs, when allocating productivity
effects. In the UK, Oulton and Srinivasan (2004) provide a similar approach with a multi-
industry contribution drawing on the output databases developed for the Bank of England by
Cambridge Econometrics. Other interesting recent contributions are reviewed in O'Mahony and



van Ark (2003), which presents international EU/US comparisons using the approach. Cameron
et al (2005) is an example of a recent application of the approach using time series panel
estimation and that embraces both the choice of translog underlying flexible functional forms
and empirical procedures for dealing with disequilibrium concerns.

Factor measurement issues

Measures of factor inputs are a crucial part of the TFP approach. Much of the recent work in
this area has been directed at quality adjustment. Physical capital has always been problematic
to conceptualise and measure. The modern treatment has been informed by the work of Erwin
Diewert (see Diewert, 2004 for a review). Much of the practical work in this area has been
based on simplifying assumptions about the depreciation rates of physical capital so that
measured investment streams by industry can be translated to provide a measure of capital
inventory. Thus in most countries, including the UK, capital stocks are estimated by the
perpetual inventory method (PIM). For each type of asset, the stock figure is estimated by
cumulating flows of gross investment over what is believed to be the service life, and allowing
for depreciation.

Quality adjustment is of course a particular issue for labour input measures and quality-adjusted
measures of labour inputs depend on some measures of labour quality, typically reflecting
educational background or occupational mix. TFP can then better be associated with
knowledge spillovers, increasing returns and those other interdependencies between factor
inputs that are hypothesised in endogenous growth theory. This extra flexibility makes the
approach much more potentially fruitful in application in this study where H&S is expected to
generate labour quality effects. While steady-state growth is treated as exogenous in
neoclassical approaches, endogenous growth theory suggests shifts in steady-state growth will
be dependent on human capital accumulation, with human capital accumulation and technology
diffusion in turn linked to trade. The theories include those derived by Nelson and Phelps
(1966), Romer (1986) and Lucas (1988).

2.2.3 New economic growth theory - endogenous growth theory

Within the neoclassical tradition technological progress was assumed to be entirely exogenous.
In this sense, shifts in a firm's performance are seen to be created in ways that lie outside the
immediate control of individual firms. By contrast 'new' growth theories suggest that the
accumulation of knowledge and human capital is more clearly the result of managerial actions
in the past. The incorporation of ‘technology' into economic models as an endogenous variable
is the main contribution of endogenous (or new) growth theory, which has given rise to a large
literature of applications. The key assumption of endogenous growth theory is that accumulation
of knowledge generates increasing returns. Knowledge and know-how are not disseminated
instantly - between nations, regions, sectors or companies - but need to be acquired. This means
free and open markets do not necessarily yield an optimal result: companies have an incentive to
keep knowledge to themselves and to protect intellectual property rights in order to keep
investments in R&D profitable. Highly skilled workers are seen as more productive and
innovative and are therefore of crucial importance to companies. Human capital is a critical
productive factor. Drivers for this are R&D expenditure, innovativeness (eg patents), education
and training and other forms of investment in human capital, and high quality dissemination
routes for knowledge.



Endogenous growth theory essentially allows for shifts in steady state growth to be dependent
on human capital accumulation, with human capital accumulation and technology diffusion
linked to trade.

2.2.4 Other approaches

There are a number of other approaches that may be mentioned

New' institutional economics

The notion of 'transaction costs', lies at the heart of the theory put forward by Coase (1937,
1988) and elaborated by Williamson (1971,1981). Transaction costs include the costs connected
to communication, coordination and decision-making. In principle, large organisations can
realise significant savings in transaction costs by long-lasting contracts. Transaction costs also
apply to the notion of vertical integration by long-term contractual arrangements. It suggests
how the emergence of sustained industrial clusters can arise through outsourcing.

Cluster theories

Among the most influential of the approaches allied with business strategy economics theories
is the cluster theory of Michael Porter. According to Porter, to be competitive, firms must
continually improve operational effectiveness in their activities while simultaneously pursuing
distinctive rather than imitative strategic positions. This encourages the formation of contiguous
groupings of individuals firms that are of major benefit to their competitive performance. Fujita
and Thisse (1997) correspondingly identify three major reasons for economic clustering:
increasing returns under monopolistic competition; externalities under perfect competition;
spatial competition under strategic interaction.

The observation that knowledge tends to flow freely between proximate firms operating within
the same or related industries lies at the heart of the empirical literature investigating the link
between innovation and location. A sizeable body of empirical studies have shown that
knowledge spillovers not only increase productivity, but their effect also decays with
geographic distance (Jaffe et al., 1993; Acs et al., 1994). In particular, Jaffe et al. (1993) point
out that knowledge flows do sometimes leave a paper trail in the form of patented citations.
Some types of knowledge are best transmitted via face-to-face interaction. In this case spatial
proximity matters because tacit knowledge is non-rival in nature, in the sense that the use of a
piece of information by a firm does not reduces its content for other firms and can easily spill
over from firm to firm.

Along similar lines Glaeser et al. (1992) observe that the diffusion of technical knowledge may
be highly localised and transfer is more likely to occur in places densely packed with
organisations that share similar interests (local milieu). The attention devoted to the
measurement and the effect of knowledge spillovers is also linked to the new growth theory
(Romer, 1986; Lucas, 1988; Grossman and Helpman, 1991). Unlike neoclassical growth theory
(Solow, 1956), endogenous growth models identify externalities, rather than scale economies, as
the main engine of growth. Given that knowledge spillovers are an important source of
externalities, regional differences in growth rates may result from increasing returns to
knowledge.

Jacobs (1969) and Porter (1990) claim that local competition is superior to local monopoly,
because it creates incentive to emulate best practice and boosts pressure to innovate. Among a



range of empirical studies, Armington and Acs (2002) look at the effect of new firm entry rates
on local employment growth. Using data on nearly 400 labour market areas and six industrial
sectors, they find that high rates of entry have a positive impact on the growth of local
economies. The authors argue that their results are consistent with the theories of Porter and
note how firms' incentive to cluster benefits from reciprocal technological spillovers.

2.3 DATA MEASUREMENT ISSUES

2.3.1 Industry versus firm issues

In addition to the distinction in the literature between gross and net outputs, that between the
firm and the industry level of performance is important both theoretically and practically for this
study. The data to be used in this study of H&S regulation and productivity is constrained to
just the available industry level information, with little or no data as yet available from firms.
The forthcoming WHASS survey on which the study team have advised is expected to be
seeking to address this issue directly but will not produce information within the horizon of this
study. This means that industry growth performance will be the essential concern of this study.
Thus firm entry and exit processes remain an implicit part of industry adjustment processes to
industry price changes. This is also better formally treated with a gross output rather than a net
output approach to productivity measurement, since it makes no implicit assumption that
industry behaves as a single optimising decision-maker with a single production function.

2.4 STUDIES ON THE ECONOMIC IMPACT OF HEALTH AND SAFETY ACTIVITY

2.4.1 Enforcementis a necessary basis for effectiveness

There is a body of literature dealing with the direct effectiveness of the enforcement process in
the UK in encouraging H&S activity and H&S awareness by companies. Much of this is
commissioned by the HSE itself. Greenstreet Berman (2004) provides a recent review of this
literature. On the basis of their review they conclude that:

* The application of enforcement is an effective means of securing compliance, creating
an incentive for self-compliance and a fear of adverse business impacts such as
reputation damage in all sectors and sizes of organisations, including major hazard
sectors.

* Fear of enforcement is a significant motivator for organisations, there may be value in
exploring new types of penalties, charging regimes and enforcement strategies so as to
maximise the deterrent effect of enforcement, such as court ordered publicity.

* There is evidence that enforcement and HSE leadership is an important element in
prompting major hazard firms to manage health and safety, including major accident
prevention.

* Enforcement supported by advice and guidance is considered to be of equal benefit to
health hazards, such as noise, passive smoking, manual handling and stress, as it is to
safety risks.



Chart 2.1 REPORTED MAJOR INJURIES IN UK CONSTRUCTION

6000 -

5000

4000 o Mermb ]

3000 - embers 0

5000 | the public

1000 - ® Self-

employed
@ Employees
91/92 93/94 95/96 97/98 99/00 01/02

Source: RIDDOR . .
Note: Non-fatal injury statistics from 1996/97 cannot be compared directly with

earlier years due to revised injury reporting requirements in 1996

e There is some evidence that advice and information is less effective in the absence of
the possibility of enforcement.

Greenstreet Berman includes the study by Davies and Elias (2000) who reported a long term
(1986 -1997) downward trend in injuries in Great Britain. They attributed this to improved
safety performance, having controlled for changes in industrial structures, the economic cycle
and patterns of employment, albeit that they considered the improvements in the reporting of
workplace injury under RIDDOR (reporting of injuries, diseases and dangerous occurrences
regulations) in the 1990's obscured the level of improvement in workplace safety (see Chart 2.1
for evidence of this in the Construction sector).

2.4.2 Studies on the impact of regulation

2.4.2.1 Theoretical Arguments

There are a number of ways in which H&S activity is thought to influence productivity in the
economy. First, H&S activity can be seen as indirectly raising the cost of certain types of
activity which are associated with certain types of labour or capital (for example, manual work,
and energy-intensive capital equipment). This will lead to a shift along the production function
which will reduce measured TFP since the firm will no longer be choosing a measured cost-
minimising input set. Consequently, H&S regulation will lead to a decline in sectoral
performance and productivity.

On the other hand the hypothesis put forward by Michael Porter - and which is therefore known
as the ‘Porter hypothesis’- suggests firms may then undertake certain investments to offset these
higher costs which will shift the production function outwards. The proposition is that ‘properly
designed’ regulation can induce innovation that can more than offset the costs of compliance.
Allowing for a dynamic model structure, work by Porter (1991) and Porter and van der Linde
(1995), suggests that regulations do not inevitably hinder competitive advantage against foreign
rivals and that more severe regulation may actually have a positive effect on firms' performance
by stimulating innovations.



The suggestion is that properly constructed regulatory standards, which aim at outcomes and not
methods, will encourage companies to re-engineer their technology. The result in many cases
will be a process that not is not only more efficient but which also lowers costs or improves
quality. Thus, regulation may trigger innovation that offsets compliance costs. There is a sharp
contrast with standard neoclassical economic models with perfect markets and no uncertainty.
These cannot generate outcomes that satisfy the Porter hypothesis.

Lanoie et al (2001) argue that the Porter hypothesis can be extended in three directions. First,
the Porter hypothesis is dynamic in that regulation adopted today will affect firms' productivity
after a time lag; second, firms with a higher level of inefficiencies will have more opportunities
to identify and eliminate these inefficiencies, so that the positive effect of regulation on
performance is greater for firms that are initially more inefficient; third, firms in industries that
are exposed to more competition are likely to have more of an incentive to innovate than less
exposed firms.

Popp (2005) argues that the effects of uncertainty may be an explanation for the empirical
finding of micro-level cases where complete innovation offsets occur and macro-level findings
that such offsets do not occur. Using a simulation approach, Popp shows that complete offsets
as hypothesized by Porter, while not occurring in a majority of cases, can occur frequently, even
when the expected costs of regulation are on average positive.

The Porter hypothesis has been criticised on the grounds that profit-maximising firms would
take advantage of existing investment opportunities even in the absence of regulation. However,
it is possible that there may be positive externality effects that are gained through H&S
regulation. In other words, there may be barriers to efficiency because of which firms, if left to
the free market, may not reach their production frontier. Regulation may collectively allow all
firms in the industry to operate at the most efficient (socially optimal) level.

There is also the possibility that, if barriers to entry and exit are low, then once regulation is in
place, low productivity firms would leave the market thereby increasing overall productivity in
the industry.

2.4.2.2 Empirical Evidence

There are several studies that have been carried out to analyse the impact of increased regulation
on sectoral productivity, although most of these focus on environmental regulation rather than
H&S activity and are relevant to the North American economy. Table 1 lists the main findings
of some such studies.

It has been observed that regulation backed up by inspection or the threat of inspection
improves direct injury rates in reported US studies. Gray and Mendeloff (2002) do, however,
find declines in this measure of the impact of OSHA inspections since 1979. In comparing the
impact of OSHA inspections on manufacturing industries using data from three time periods:
1979-85, 1987-91, they found a substantial decline in the impact of OSHA inspections — in
1979-85 period they estimate that having an OSHA inspection that imposed a penalty reduced
injuries by about 15%; it fell to 8% in 1987-91 and to a (statistically insignificant) 1% effect in
1992-98.

Dufour, Lanoie and Patry (1998) and Lanoie et al (2001) have investigated the impact of
occupational safety and health (OSH) and environmental regulation on the rate of growth of
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total factor productivity (TFP) in the Quebec manufacturing sector during the 1985-88 period.
Their results show that environmental regulation and OSH protective reassignments (a
prevention policy with respect to OSH) have led to a reduction in productivity growth, while the
presence of mandatory prevention programs (and of fines for infractions to OSH rules) have led
to an increase in productivity growth. The stringency of environmental regulation was proxied
by the change in the ratio of the value of investment in pollution-control equipment in an
industry to the total cost in that industry. Variables to capture the stringency of occupational
safety and health regulation, the fluctuations of quasi-fixed inputs and industry-specific effects
were also included in the equation. The results show that when dynamic effects are allowed to
occur, the impact of environmental regulation on productivity becomes less detrimental and
even positive over a four-year horizon, confirming the Porter hypothesis (explored in the next
chapter). The results also indicate that the level of external competition an industry faces is a
key driving force inducing firms to turn environmental constraints into their advantage.

Table 1 Summary empirical studies of regulatory effects on productivity

Study

Finding

Denison (1978)

16% productivity slowdown in U.S. non-residential business sector 1972-75
due to regulation from OSHA and EPA.

Christiansen and | Federal U.S. regulation reduced the US rate of growth of labour productivity

Haveman (1981) in the manufacturing sector over 1958-77 by 0.3% pa.

Gollop and  Roberts | US Clean Air Act reduced productivity growth by 0.6% pa over 1973-1979

(1983) in fossil-fuelled electric utilities industry.

Gray (1987) 30% of the decline in productivity growth in the U.S. manufacturing sector
during the 1970s is attributable to OSHA and EPA regulation

Conrad and Morrison | Pollution investment expenditures had no statistically reliable effect on

(1989) productivity growth in Canada over 1967-80.

Dufour, Lanoie and Patry
(1998) and Lanoie et al
(2001)

Environmental regulation and OSH prevention policy have led to a reduction
in productivity growth, while mandatory prevention programs and fines for
infractions to OSHA rules led to an increase in productivity growth.

A number of earlier studies have also investigated the impact of regulation on productivity
growth, starting from the work of Denison (1978). A useful review of the literature to 1995 in
estimating the general effects of regulation on productivity is presented in Jaffe et al (1995).
Denison estimated that some of the productivity slowdown in the U.S. non-residential business
sector during the 1972-75 period was due to regulation from OSHA (Occupational Safety and
Health Administration) and EPA (Environmental Protection Agency). This study provides
comprehensive estimates of incremental costs for pollution abatement and uses the generated
estimates to measure the diversion of input from the production of measured output to pollution
abatement activities that do not result in measured output.

Christiansen and Haveman (1981) find, using a similar approach that total federal U.S.
regulation reduced the US rate of growth of labour productivity in the manufacturing sector
over 1958-77 period by 0.3% pa, while Gollop and Roberts (1983) estimate that the American
Clean Air Act reduced productivity growth by 0.6% pa during the 1973-1979 period in the
fossil fuelled electric utilities industry.

Jaffe and Palmer (1997) provide an empirical test related to the Porter hypothesis and examine
the relationship between pollution control expenditures and measures of innovative activity.
They construct a panel data set for US manufacturing industries to determine how regulatory
stringency affects innovative activities. They use data on pollutant abatement compliance
expenditure by industry as a measure of regulatory stringency while innovation is proxied by
two different measures: total industry expenditure on R&D, and total number of successful
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patent applications by industry. They find that higher lagged compliance costs lead to higher
levels of R&D. However, when they use patent applications as an indicator of innovation, they
find little evidence that they are related to compliance costs.

Conrad and Morrison (1989), in a study of the manufacturing sectors of the U.S., Germany and
Canada, find that pollution investment expenditures had virtually no effect on productivity
growth in Canada during the 1967-80 period. Gray (1987) finds that about 30% of the decline in
productivity growth in the U.S. manufacturing sector during the 1970s is attributable to OSHA
and EPA regulation and Gray and Shadbegian (1998) show that regulation crowds out more
productive investments in other areas.

2.5 CONCLUSIONS

2.5.1 Likely industry sector performance drivers

The conclusion of the literature review is that a number of drivers of economic growth
performance are likely to be important for the H&S study: investment as measured by gross
fixed capital formation over time (the accumulated stock of capital); investment in human
capital (knowledge economy assets such as R&D, education and ICT, telecoms, internet
access); level and quality of workforce such as qualifications and IT proficiencies; innovation
and RTD (for instance RTD expenditure and patent applications). In addition there are
important questions relating to spatial links for more or less globally tradable or non-tradable
sectors, especially in relation to the direct role of trade in the former. Part of the interest is in
terms of the setting of the industry-technology frontier by market boundaries, and how trickle-
down effects of technology on productivity growth are determined.

Disaggregated micro-economic analysis using a gross output approach is both the recommended
and likely to be the most productive way to explore the impact of H&S effects where regulation
and H&S practice are seen to be associated with different stringencies of impact by a sector of
industry but have knock on effects elsewhere that work through all sectors of the economy
through intermediate inputs.

There is little micro-based work involving firm-based studies of H&S activity but there is strong
evidence that industry aggregates are responsive to firm entry and exit effects in driving
measured productivity change rather than endogenous forces within a firm. There is also
evidence from a range of studies to suggest that economic scale is an important factor in
industrial productivity change. While data availability precludes all but industry-based analysis
in this study, the literature review at least suggests that there are important market conditions
that should be taken into account.
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3 METHODOLOGICAL APPROACH FOR THE STUDY

3.1 THEORETICAL MODEL

In the light of the literature review, the form considered most useful for framing the H&S
impact analysis is a gross output multi-industry approach. This requires the use of UK input-
output tables to generate an explicit gross output measure, and to derive indices of primary and
intermediate inputs for each of the designated sectors. This is drawn from CE's comprehensive
volume and price databanks of the UK economy and developed for 42 sectors for use in its
MDM work. Estimation is focused around the use of a flexible functional form, the translog
function, which has a number of theoretical advantages in aggregation, but for this study is
especially recommended as having a form that allows for consistent and plausible volume and
value indices to be calculated across industries. The approach is a CLEM-TFP approach that
thereby isolates the effect of a range of inputs in a consistent and comprehensive way across the
economy

3.1.1 Supporting analyses

The proposed approach responds directly to the conclusions of Jorgensen, Ho and Stiroh (2004),
the work undertaken by CE for, and the findings of, Oulton and Srinivasan (2004) and follows
the recommendations of the OECD (2001a) Manual on productivity. Human and ICT-capital
and non-ICT capital variables, and labour headcount and labour hours measures of productivity
are modelled in accordance with the recommendations of the OECD productivity manual and
reflect the recent literature in this area on the treatment of vintage effects. In particular the
approach updates that part of the work of Oulton and Srinivasan that was based on an earlier
version of CE's industry 10 databank. The study is set at the most detailed industry level of
results, appropriate for assessing important H&S impacts, which are firm and industry focussed,
but which through intermediation are in principle going to affect value added in all sectors of
the economy. Micro to macro consistency in aggregation is thereby captured in a manner of
especial suitability for this study.

Because of the need for a systematic treatment of intermediate inputs, the study benefits from a
methodology that establishes consistent empirical results across all industries in the UK. Also,
because the effects are likely to be slow acting and short-term 'noise' is substantial, the study
concentrates on establishing longer duration comparisons, across suitable periods. The outcome
will be established long-run drivers of industry productivity, and a common baseline
decomposition of the experience of TFP change between 1970 and 2002. This analysis is the
starting point for understanding the manner in which the H&S contribution is to be fully
assessed in any one industry. The H&S specific industry analysis will come from using a range
of novel variables to measure H&S 'stringency’, reflecting the available data from 1992 and
established from HSE in-house and other HSE-provided or facilitated activity figures.

Measured productivity is likely, on the basis of previous studies reviewed, to be significantly
differentially affected by changes in primary and intermediate inputs, as well as by the external
effects driving the transformation of total inputs into total output. Among the most important of
these last effects will be technology transfers from higher productivity locations, reflected for
example in the 'productivity gap' notably with the US, emphasised by Cameron et al (2005), and
evidenced in a wide range of recent empirical studies at both aggregate and micro levels in the
wide-ranging international literature. In the full approach of this study, H&S activity is allowed
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to shape both the location of the industry technology frontier and the allocative decisions taken
by industry. The latter will come as a response to factor price changes as initial cost shifts force
firms and factors to react. As factor prices respond then optimal inputs will be changed to
achieve a particular output. Since this is likely to take more than a single year, the most suitable
empirical framework for such a study, and the basis of our empirical analysis, is a cumulative
multi-annual measure of productivity change. The work can be expressed therefore as the search
for an equilibrium factor productivity effect where a flexible production function and variable
factor costs must be accommodated. It therefore does not use a panel approach.

More formally, the estimated efficiency frontier will need to reflect: scale of industry effects,
the likely force coming from the best practice technology that is available internationally to
produce the outputs of the industry in question, the incentives otherwise given to firms to adopt
industry standard H&S or other technologies, or to pursue research and development to generate
such new technologies, the role prices of primary inputs, direct and indirect effects via
intermediate inputs from other (perhaps not proximate to UK) industries’ , the quality of the
primary factors of production that can be employed directly within the industry - essentially
measuring the changing effectiveness of the services of labour of particular types, and similarly
for capital services, and finally proxies for organisational variables that are likely to relate to
transaction costs for these industries.

The study approach embraces an econometric TFP approach (as categorised by the OECD
Manual) by allowing for the role of technology to be embodied as a factor-based driver of the
position of the industry efficiency frontier - the maximum output that can be achieved for a
given combination of factor resources. It accommodates the possibility that there is a transition
mechanism in the UK of faster technology adoption by any industry not at the current global
technological frontier by proxies for openness to trade. The productivity gap literature suggests
inefficiency in these terms may be because of poor quality industry inputs but also because of
barriers to removal of less efficient firms. The latter may be receiving relative protection from
competitive effects of innovations by those leading industries/firms external to that sector in the
UK economy, especially other industries in external economies, for example the US. Export
orientation is likely to be a suitable proxy. Health and safety activity and other forms of
regulation are seen as levering on efficiency by influencing both cost and output through
compliance and efficiency effects.

" The effect of intermediates inputs that do not enter into external trade is a special case but potentially
influential if the sector is protected from international trade. The Balassa-Samuelson effect is concerned
with changes in the relative productivity of tradable versus non-tradable inputs of one country. An
increase for example raises relative wages, thus increasing the relative price of non-tradables and relative
average prices, impacting on the exchange rate.
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APPENDIX TO CHAP 3

3.2 FORMAL SPECIFICATION OF A GROWTH ACCOUNTING APPROACH

The methodology for measuring total factor productivity requires a definition of the industry
production function. This is:

Yit = fit(N1M’X;a1ﬁ16)

Where N is primary inputs, M is intermediate inputs, X is exogenous factors, and a, 3, o are
associated parameters defining the links. H&S inputs would impact potentially on any one of
these components.

As an example this could be specified in a constant share, constant returns to scale format for
primary capital and labour inputs as:

Apj 4 It
ijt €

Yi = aoKi“ Ly TIM
i
Where subscript i references sector and t a time index.

3.2.1 The TFP approach based on a simple functional specification

This simplest of specifications is the '‘Cobb-Douglas' growth accounting specification that is in
line with the Solow balanced growth path model. This special case underpins the TFP growth
accounting calculation using the conventional net output approach in the OECD (2001a)
Manual, where Y is net output and M is explicitly dropped. Thus a strong justification for this
would be hypothesising that all production flows taken together satisfy the Cobb-Douglas
aggregate production function, to display constant returns to scale in aggregate and with
exogenous technical improvement that augments labour viz:

Yt = Kta Htﬁ (Zt Lt)l_a_ﬁ
Where Y ¢ is a value-added measure of output, K ; is physical capital services, H { is human
capital services, L is labour service and Z ; is exogenous technological improvement enhancing
the productivity of labour. Z . is assumed to accumulate as a by-product of economic activity
but, unlike consumption, investment and capital depreciation, does not use up current output.
Using lower case letters to indicate per labour input quantities gives the productivity measure,
output per labour input, as

l-a- a
Yo = Zt ﬁkt htﬂ

Output is allocated to the following uses:

Y, =Ct+Kt+<‘5KKt+Ht+6HHt
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Where C; is consumption, and 6 x and & 4 are rates of depreciation for physical, K;, and human,
H;, capital respectively. If L grows at rate n in the long run, then the balanced growth path for
physical capital, and human capital output per labour input are derived respectively as

9k =kt/kt =S¥, = (6, +n)k, and g, =ht/ht =S,y — (6, + n)h,

Where s i is the share of output allocated to physical capital and s , is the share of output
allocated to human capital. At balanced growth

yt/yt Egy=gh

giving a final estimated form of particular simplicity. Clearly the growth accounting approach
is based on a strong set of underlying assumptions (see OECD 2001, Annex 3, pp 124-127 for a
fuller derivation).

The outcome is a log difference form where productivity change may be decomposed as the
contributions from the weighted rates of change of physical and human capital, with the residual
defining exogenous technical improvement, viz:

logZ, -logZ, = (logy, -logy,) - a(logk, —logk,) - B(logh, -loghy)

Under perfect competition assumptions, parameters a and p would be the monetary shares of
returns to the primary factors, physical and human capital in the accounts and using these factor
shares as the weighting system in industry input analysis gives statisticians a suitable combined
index of inputs and thereby delivers the OECD recommended statistical measure of TFP as the
residual from this specified calculated net output.

More generally this TFP specification can be represented as the difference in logs:

dInY—;sNdlnN

Where N is the input indicator, s y the payment share of input.

It should also be noted that an alternative dual approach could be used based on constructing a
maximum profit value or minimum unit cost function. The solution to this dual model would,
logically, be exactly the same as that obtained using the production function approach. There
are some useful benefits in terms of tractability for the empirical approaches from using the
dual, with residual decomposition of factor price to value added ratios the equivalents in the
dual of obtaining the primal TFP residual.

3.2.2 Thetranslog specification

The chosen flexible functional form is the transcendental logarithmic (or translog) function. As
an illustrative three factor input case determining gross output, this would give a quadratic form
in logarithms of primary inputs, K and L, and intermediate input, M, viz:

logy, = a(i) +a:< log K, +ociL logL, +ocl,I logM, + E{Egy;g log F log Fyi

where Fis K, L or M in the summation.
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The translog function is a desirable approximation to any functional form that is 'well behaved'
in economic space (i.e. with uniquely defined first and second order derivatives for the function
corresponding to a convex production space). If Tornqvist ® indices are used for calculating
input and output prices and volumes, then these are superlative indices as defined by Diewert
(Diewert, 1976, and OECD 20014, p88), in that using such indices would exactly conform to an
underlying translog function.

The maximisation of this function subject to each sector's satisfying a cost constraint at the
sector optimum, E P F <C = pY ™ can see the expression of choices of optimal industry
factor inputs determined by the prices of achieved output and factor input prices.

Thus, dropping the i'th industry subscript, for each industry sector the following optimal(*)
factor demand matrix equilibrium condition holds, expressed here in an illustrative way to give
four equations determining the three inputs, and the shadow price (A) on the cost constraint:

Ay 27« 2y 27 1 rK=*
o, 27 1k 2y, 27 u log K (AN wL*
Ay 2Y vk 27w 2 m log L* Y J|mM *

Ea, 22ny 22ny 22ny logM * C

This linear form in the parameters is readily generalised to many inputs, and also indicates a
linear form in parameters that can be used to estimate empirically the parameters of the base
translog production function for each sector, given the observations over time on output
volumes, total intermediate costs, factor inputs, and factor prices or factor shares.

& A Tornqyist index is an exponential average of the product of price or volume relatives using weights
that are the average of the base and current expenditures on each component. By comparison a Fisher
Ideal index is a geometric average of the summed relatives using base and current expenditure weights
respectively and would be a superlative index for a Cobb-Douglas PF.
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4 DATA REVIEW

This section reviews and analyses the data that are to be used in the final estimation. The
industry-level (i) production function to be estimated takes the form

Y, = (K, LM,

where Y is gross output, K is capital services, L is labour services and M is intermediate input
(an aggregate of purchases from all the industries). The residual would then typically capture
any other effects arising from technological progress including the possible effects of increased
health & safety activity.

4.1 DEPENDENT VARIABLE

4.1.1 Gross output in constant basic prices

It is important that a gross measure of production is used to measure industry output so that
proper account can be taken of the contribution of intermediate inputs. This makes it necessary
to use input-output tables as described in the appendix to this section. A second important
principle is that purchases are valued at basic prices (the amount received by the producer)
rather than at purchasers' prices (the amount paid by the purchaser). The difference between
these two values arises from two sources:

» the value of any taxes (which raises the price to the purchaser) or subsidies (which
lowers it) on the product; an important example of such a tax is excise duty on road fuel
* the fee that has to be paid to a distributor to make the product available to the purchaser

It is important to use basic prices when evaluating the impact of technical change on the
composition of inputs so as to exclude the effect of changes in taxes or distribution margins.
Figure 1 plots the aggregate output series.
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Figure 1 Gross output at Constant Basic Prices (1969 — 2002)
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4.2 PRIMARY EXPLANATORY VARIABLES

The main explanatory variables are labour services, capital services and intermediate demand.

4.2.1 Labour Services

Labour services can be measured in two ways
* Compensation of employees
* The quality-adjusted hours worked

Data on compensation of employees can be obtained from CE's volume and price databanks
which are consistent with SUT? input-output tables and the 2002 Blue Book™, while a quality-
adjusted hours series can be constructed by multiplying the number of employees and self-
employed in industry i (available from the Annual Business Inquiry and Labour Force Survey)
with hours per week (from the New Earnings Survey) and then applying a correction for
changes in labour quality to control for rising levels of educational attainment (see Appendix 4).
Although both measures are readily available for use, it is BOE quality-adjusted labour that will
be included in the final regression. The construction of this variable is discussed further in the
appendix to this chapter. Figure 2 plots this quality-adjusted series for selected sectors. The
chart shows that quality-adjusted labour has risen most rapidly in service-oriented sectors such
as banking & finance and hotels and catering.

4.2.2 Capital services

There are two possible series that can be used to measure capital services by industry. The first
is the Gross Fixed Capital Formation (GFCF)' series that can be accessed from CE's volume
databanks by user industry. However, an alternative is to simply use the real total capital series

(1995=1)
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Figure 2 Quality-Adjusted Labour (1970 — 2002)

® The SUTSs form the basis of the Input-Output framework that shows the intermediate transactions taking
place within the economy, and their layout integrates the production, income and expenditure components
of GDP. They show the supply and demand for products in terms of industries and products .

19 This presents data on gross output in current basic prices for 11 aggregate sectors for 1989-2000.

1 Investment in assets which are used repeatedly or continuously over a number of years to produce
goods.
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Figure 3 Real Total Capital Services (1969 — 2002)

available from the Bank of England Industry Dataset (2003). The advantage of using this
variable is that it estimates a fuller range of capital services, namely those flowing from stocks
of the following four non-ICT assets (buildings, equipment, vehicles, intangibles) and the
following three ICT assets (computers, software and communications equipment), and estimates
a rental-price weighted average of the growth rates of these asset stocks. In the context of
production theory, the flow of capital services is the correct measure to use rather than the
wealth measure of capital. Thus, it is this BOE real total capital services variable (using a rental
price base), shown in Figure 3, that is used in the final model.

4.2.3 Intermediate demand

Intermediate consumption of goods and services at current basic prices by product and industry
and price indices for domestic output and imports can be also derived from the BOE data set.
These are used to calculate real intermediate demand (or real materials input), also available in
the databank and taken directly for purposes of the study, which is defined as demand of any
specific product for use in the production process of any other product (ie Total demand =
Intermediate demand + Final demand). This series is shown in Figure 4.
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Figure 4 Real Materials Input (1969-2002)

4.3 RESIDUAL COMPONENT

Once the impacts of the primary components of output growth (labour and capital) have been
accounted for, any patterns and trends that remain in the residual term will be explained by
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other possible sources of output growth. In particular, the additional variables that are explored
in the study include health & safety activity and stringency.

4.3.1 Health & Safety Activity

The health & safety variables that have been considered for the final model are described below.
Information on all these variables has been provided by the HSE.

4.3.1.1 RIDDOR data

The Reporting of Injuries, Diseases and Dangerous Occurrences Regulations 1985 (RIDDOR
85) were introduced in April 1986, and have now been replaced by RIDDOR 95 (effective from
1 April 1996). The Regulations require employers to report all cases of a defined list of diseases
occurring among their employees where they receive a doctor's written diagnosis and the
affected employee's current job involves the work activity specifically associated with the
disease. Comparison of RIDDOR data with those for disablement benefit for the corresponding
DWP prescribed diseases suggests that there is still substantial under-reporting under RIDDOR,
particularly for diseases with long induction periods.

RIDDOR data (under RIDDOR 95 regulations) are available for the period 1996/97-2003/04
and are organised by three types of incidents: fatalities, major accidents and incidents that last
more than three days. The relevant times series that can be extracted from this data is the ‘total
number of accidents’ by type of accident for each industrial sector. There are 16 possible kinds
of injuries reported under RIDDOR: superficial, strains, natural causes, multiple, loss of sight,
laceration, fracture, electricity, dislocation, contusion, concussion internal, burn, asphyxiation,
amputation, other known, other not known. It is then possible to ‘deflate’ the time series on the
total number of accidents by type and industry by dividing them by some measure of
employment in that sector for that year to obtain a approximation for the incidence or injury
rate of accidents in each industry.

The Warwick Institute of Employment Research (IER) have prepared an injury rate series by
aggregate sector for an HSE study ‘Trends and Context to Rates of Workplace Injury’. In the
construction of this injury rate series, IER have make several necessary adjustments to the
employment variable used to deflate the number of injuries by sector. ONS estimates of
seasonally adjusted employment derived from the Labour Force Survey were used as a starting
point for the employment base.

It was, however, recognised that a simple count of the number of people in employment did not
account for the fact that an increasing number of people are opting for part-time employment
which leads to an increase in the employment base, while the exposure to risk in terms of work
done may remain unchanged (e.g. a full time job may be replaced by two part time jobs). IER,
thus, use an alternative adjusted employment denominator based on a rescaling of total
employment to a full time equivalent level based on a full time employee working 40 hours per
week. The injury rates, referred to as a ‘full-time equivalent’, are then expressed per 100,000
employees. The structural break in the series due to changes in RIDDOR definitions in April
1996 is also removed from the data using a one off step-shift dummy derived from a time series
model of injury rates.

Finally, IER adjust the data to account for the fact that non-fatal injuries are substantially under-
reported within the RIDDOR data, particularly among the self-employed. Also reporting rates
vary over time, particularly during periods surrounding the introduction of new health and
safety campaigns, initiatives or regulations. Increased reporting levels may therefore disguise
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the effects of real improvements in work place safety upon injury rates. IER account for this by
using workplace injury data derived from the quarterly Labour Force Survey (LFS) as a
benchmark to assess the level of under-reporting, albeit using certain assumptions.
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Figure 5 Accident incidence 1986-2003 (Source: IER)

Figure 5 show injury rates by 9 aggregate sectors for major injuries and injuries lasting over 3
days, adjusted for under-reporting and for full-time equivalence. The trends show that there has
been a significance decline in the injury rate in construction, the public sector and health &
social work. Manufacturing and Transport & Communications also show a decline in injury
rates, although the pace of decline is relatively slower.

4.3.1.2 RIA data (Cost of Regulation)

The Regulatory Impact Assessment (RIA) is a policy tool which assesses the impact, in terms of
costs, benefits and risks of any proposed regulation. A full RIA reflects the results of
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consultation and presents a range of options from regulation to non-regulatory alternatives such
as codes of practice. It is submitted to Ministers with recommendations for action, future
monitoring and evaluation.

The data provided by HSE gives a breakdown of costs to industry of HSE regulations as
estimated in RIAs. The data are available from 1994/95-2002/03 and give present value of costs
and benefits as of 2002/03. The costs in the RIAs are ex-ante estimations as there is currently
little data covering the ex-post costs of regulations. The data provided by HSE present a series
of regulatory impact analyses from 1994 that give present value calculations to 2002/03 for the
cost (and benefits) to affected industries. These were analysed™ by Cambridge Econometrics so
as to present individual industry series impacts for all regulatory change, using the advice from
HSE on the sectoral concentration of the measures. The database was analysed to provide one-
off costs for each industry and the on-going costs over time of 100% compliance. One-off costs
were then assumed to be borne in the first year of the regulation being implemented, with on-
going costs assumed to be uniform over the following period.

Industry regulation compliance costs
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Figure 6 Industry compliance costs 1994-2003

Averaging close to 0.05% of output over 1994-2003, Figure 6 shows the total UK effect for all
industries. The large increase in 2002 reflects the expected sharp incidence of the regulation:
Amendment to the Control of Asbestos at Work Regulations 1987 and ACOP on the
construction, retail and industrial sectors in that year. Table 2 shows the estimated industry
compliance costs for the most affected industries.

2 The one-off costs for each regulation were derived from the original RIA database as Fyy =
PVF/[(1+r)(to-ti)], where PVF was the calculated present value of such costs, r is the rate of discount, t,
is the base year for calculating PVF and t; the start year of the regulation. Running costs were estimated
as Rit = PVR*r/[(1+)"(to-ti+1)-(1+r)(to-ti-n+1)], where, additionally, PVR was the present value of such
costs, and n is the length of time of appraisal of the regulation.
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Table 2 The ten UK industries with highest compliance costs

average compliance costs as % of
gross commodity output over
1994-2003

Coal 1.18

Manuf. nes 0.45

Pharmaceuticals 041

Chemicals nes 0.36

Construction 0.24

Other Mining 0.11

Land Transport etc 0.10

Basic Metals 0.09

Oil & Gas etc 0.08

Wood & Paper 0.07

4.3.1.3 Operations data

Operation data such as the number of inspection visits, investigations and complaint follow-ups
by HSE inspectors are available by 42 sectors for the period 1997 to 2003. Investigations are
reactive enquiries into injuries, ill health or complaints while inspections are pro-active

interventions.
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Figure 7 Inspections and Investigations (deflated by number of workplaces)

Figure 7 shows that, as a proportion of the number of workplaces, the number of inspections has
declined over 1997-2003 while the number of investigations has remained at roughly the same
average level. The sectoral breakdown, shown in Figure 8, reveals that it is mining, construction
and agriculture that have a relatively higher number of investigations and inspections in contrast
to many service sectors in which the number of inspections relative to workplaces is negligible.
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Figure 8 Inspections and Investigations in selected sectors (2002)

The data discussed above reflects operational activity undertaken by the HSE. As mentioned in
Chapter 1, the Health and Safety at Work Act includes a provision for Local Authorities to
LAs are responsible to the HSC for enforcement in
offices, shops and other parts of the services sector, including leisure and catering sectors and
residential care. LAs, therefore, have joint responsibility with the HSE for regulation
enforcement. While the majority of enforcement is carried out by the HSE with LASs responsible
for enforcement in only a few (mainly service) sectors, it is still interesting to look at patterns in

enforce H&S law in certain premises.

LA operations and enforcement trends for completeness of analysis.
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Figure 9 Total Visits undertaken by LAs as a % of known premises
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Figure 9 plots the total number of visits undertaken by LAs in the key sectors that they monitor
deflated by the total number of premises. According to the data (provided by the HSE) the
sectors inspected by LAs include retailing, wholesale, offices, catering, residential, leisure and
consumer. These sectors differ slightly from the standard 42-sector definitions being used in this
project. For inclusion in the regression equation, these numbers will be manipulated and split up
into the 42 sectors. However, for purposes of illustration in this chapter, the original sectors by
which LA data is collected are retained. The number of premises (recorded on LA databases at
year end) reflects the number of premises LAs are aware of. It should be noted that a single
premise could have been visited more than once a year; for example in the case of a preventive
inspection with a revisit to check that any requests have been fulfilled.

According to the data presented in Figure 9, inspections by LA have been declining over time.
The highest proportion of visits were in the retail and whole sectors while offices were visited
the least relative to the total number of premises in these key sectors. All sectors analysed
follow the same general broad trend of declining LA visits.

4.3.1.4 Enforcement data

The effectiveness of HSE regulation enforcement can be measured by various proxies such as
the number of notices issued or the number of cases prosecuted. Data on these variable exist by
sector and fully cover the period 1996/97 to 2002/03 (2003/04 data is provisional). The data sets
cover almost all HSE enforcement activity in relation to prosecutions and enforcement notices.
It should be noted that there are a few prosecution cases each year and some enforcement
notices that will have been taken or issued by some HSE divisions and that are not held
electronically and are, therefore, not part of the databank.

Total Number of Cases Prosecuted and Fines
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Figure 10 Cases Prosecuted and Fines Issued by the HSE

The time series on total number of cases prosecuted by the HSE has been extracted for the
period 1996-2002. It should be noted however that a prosecuted case does not necessarily mean
that a fine will be issued. The data, illustrated in Figure 10, shows that for 1996-2000 the
number of cases prosecuted was fairly steady at about 1000 notices per year, after which there
has been a modest decline in cases. While the overall number of cases prosecuted has fallen
slightly in recent years, the percentage of cases prosecuted that have actually resulted in a fine
has risen slightly from an about 90% of all notices for the years 1996-2000 to 92.5% in 2002.
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When looking at industry-level data, one can see that this downward trend is also observed in
individual industries, although it is more pronounced in some sectors than in others. The
construction sector is the industry with the most cases prosecuted (over 30%) consistently out of
all 42 sectors although the number of enforcement notices in this sector has fallen from a peak
of about 415 in 1998 to about 235 in 2003. As expected, construction and manufacturing
industries have had a larger number of prosecutions and fines against them compared to
services. This is largely because these are higher risk industries but also partly because the
responsibility of enforcement of H&S regulations in services is split between the HSE and LAs.
Figure 11 shows these variables deflated by operational data (the sum of investigations and
inspections) which is useful in gauging the rate of incidence of prosecutions and fines.
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Figure 11 Prosecutions and Fines by HSE deflated by Inspections + Investigations

Figure 12 shows the trend in cases prosecuted and fines issued by LA inspectors. The greatest
H&S monitoring by LAs was in the retailing and distribution sectors which together constitute
roughly half the total number of cases prosecuted.
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Figure 12 Cases Prosecuted and Fines Issued by LAs
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The second enforcement variable, the total number of notices issued by the HSE, is also
available for all sectors for 1996-2003. Figure 13 shows trends in aggregate sectors (for notices
deflated by the sum of inspections and investigations). The manufacturing sector has had the
most number of notices issued, and this number has risen steadily over 1997-2002. There seems
to have been a drop in manufacturing notices issued in 2003 although it is too early to say
whether this reflects a general industry trend or not. The number of notices relative to total
inspections and investigations issued in the construction sector has also increased significantly
since 1996, reflecting relatively poorer health & safety standards.
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Figure 13 Notices Issued by the HSE deflated by Inspections + Investigations

Figure 14 plots the number of notices issued by LAs in key service sectors such as retailing &
distribution and hotels & catering which are the domain of Local Authorities.
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Figure 14 Notices Issued by the HSE deflated by Inspections + Investigations
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4.3.1.5 RCI data (Compliance)

The Risk Control Index (RCI) database provides a measure of compliance by first defining
RCIs for selected injuries and health hazards (falls from height, workplace transport, slips and
trips, musculoskeletal disorders, stress, HAVS, noise, occupational asthma, management of
risks, working environment) and then assessing compliance with each RCl on a 1 - 4 scale. A
typical example from the RCI database is as follows:

For the health hazard 'Falls from Height', there are three RClIs that have been identified. These
are:

* Identification of activities and precautions involving falls from height

* Selection, use and maintenance of equipment

* Systems for the procurement and control of contractors

A score between 1 and 4 is then assigned to each RCI based on the following scale:

Full compliance in areas that matter

Broad compliance in areas that matter

Some compliance in areas that matter
Limited or no compliance in areas that matter

A WN -

Data for RCI were available for 2002 and 2003. Figure 15 highlights average RCI values
(averaged across indicators and firms for each industry) for selected sectors. Most sectors lie
between 1 and 2.5 (although the datasets suffer from a large number of missing values) with
construction being the sector with the lowest compliance rating.
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Figure 15 Average RCI Values for Selected Sectors
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4.3.1.6 Relationship between RIDDOR and other H&S variables

It is important to make the distinction between high RIDDOR rates (which simply measure the
rate of accidents and injuries) and the other H&S measure such as notices issues and inspections
that measure H&S activity and stringency.

The sectors with the highest rates of accidents and injuries RIDDOR are, as expected, mainly
manufacturing industries although some service sectors such as public administration & defence
and communications also rank highly. Basic Metals, Food, Drink & Tobacco and
Communications are the top three industries; with Other Mining and Rubber & Plastics behind
them, all of which are heavily manufacturing-based.

It is logical that sectors in which the incidence rate of accidents and injuries is higher should
have greater H&S activity and regulatory mechanisms in place. Table 3 lists the correlation
coefficients between RIDDOR and the other H&S stringency measures.

Table 3 Correlation coefficients between Incidence rate of accidents and injuries (RIDDOR)
and other HSE variables™

Cases Cases Notices Cost

Prosecut