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In the 17 years since the publication of N. G. Semple’s paper,1

many ‘chickens have come home to roost’. Despite the premise of

the paper being mainly grounded in the economics of develop-

ment, the problems of ‘environmental protection’ identified by

Semple in 1991 connect strongly with our contemporary under-

standing of sustainability. Since then, ‘global warming’ mentioned

by Semple has become a perceived fact; ‘self-regulation’ of

polluters (which is every one of us) has been shown to be

ineffective largely because the suggested allocation of market

prices for pollution has not happened; the associated investment

in gaining knowledge through research to help make more

informed decisions has not happened—although there has been

some success with the Stern review2 and Foresight Future Flooding

reports.3,4 In policy and decision taking, despite the avowal by the

UK government as one of the five sustainability principles of

‘using sound science responsibly’, there is clear evidence that

much policy and decision making is actually despite, rather than

because of, scientific evidence.5 Spectacularly, in the intervening

period, unchecked worldwide economic growth (without paying

the true costs of consumption) and pollution stretching access to

fossil fuels are now being reflected in higher costs (but still not the

true costs) to consumers and shortages of associated commodities.

There is prescience in the identification of ‘alternative’ energy

sources being not necessarily more ‘environmentally advanta-

geous’ due to the need to use fossil fuels in their manufacture and

installation. There is not room in this paper to rehearse the

arguments about the whole-life payback period for wind turbines

or their reliance on other sources of energy as back-ups. However,

this is now clear and illustrates consistent failure to invest in

proper whole-systems research to really understand the issues,

limitations and opportunities, especially in the energy sector—

problems identified in successive Institution of Civil Engineers

(ICE) State of the Nation reports.

Sympathetic decision making based on the views of ‘an

informed but impartial spectator’ is called for by Semple with

reference to the economist Adam Smith. It is notable that,

despite EU aspirations for public engagement,6 this is hardly

meaningful in UK decision making. Proper and effective

engagement requires the transfer of knowledge and building on

the capacity to engage on the part of both decision makers and

those being engaged with; there are, however, some instances of

success.7 Only now are the principles of ‘fairness’ (a funda-

mental moral concept) being considered in the allocation of

resources for flood risk management planning, as in, for

example, the State of the Nation report on flooding.8

Overall, Semple’s paper shows clearly how one of the most

significant changes required in 1991 was properly to cost

‘environmental damage’ by charging polluters and resource

users to then fund the research and development (R&D) required

to deliver the responses to cope with the impacts—literally

finding the means to mitigate and adapt if necessary. Needless to

say, the requisite actions have not been implemented, notwith-

standing token ‘carbon taxation’, which simply allows major

polluters to increase profits by astute permit trading and

government to utilise the income for other purposes. Investment

in R&D has failed significantly to be at the level required for the

challenge. For example, in the water sector, investment in R&D

has fallen progressively since water companies were privatised

in 1989,9 although this is vigorously denied by the UK water

regulator Ofwat. Tyson10 reported that an integrated approach

should be taken to water and land use management, as

concluded at the 4th Stockholm water symposium in 1994. This

conclusion has been made clear in various studies since3 and

underlined by recent studies carried out under the UK

Department for Environment, Food and Rural Affairs (Defra)

integrated urban drainage pilots to determine the future of

urban drainage in England and Wales.11 Yet, so far, this is not

acted upon as part of the game of ‘postponing’ hard decisions.12

Tyson10 also indicates that the use of high-technology ‘end-of-

pipe’ treatment is ‘an admission of failure’—despite this being

the approach presumed as ‘common sense’ by UK water

companies. Research to challenge this presumption has so far

been inconclusive, largely because it has been under-funded and

not perceived as important by the UK water industry.

It is instructive to review the development of ‘environmental

protection’ since 1991 and this paper considers the water sector

as an illustration. The global initiative that is attributed as the

defining moment in conceptualising and starting the process of

operationalising ‘sustainable development’ by the World

Commission on Environment and Development (WCED) in 1987

had not, by 1991, been widely taken up, other than in a number

of UN Agenda 21 initiatives. Hence interest was focused on

‘environment’ and, especially for engineers, the economics

associated with environmental protection. Little work had been

done on including the ‘social’ dimension in the planning of

engineering developments, other than usual practice through

the UK planning system.

In 1991 there was great interest in including ‘environmental

protection’ in the planning of engineering developments. In that
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year, the EU urban wastewater treatment directive13 was

implemented, setting the standards for sewage discharges across

Europe. However, this has led to a clear illustration of the ‘law of

diminishing returns’ cited by Semple in 1991, with the

construction of vast numbers of large energy- and chemical-

intensive treatment plants across Europe. As an example,

Tyson10 cites plans to enhance the treatment of wastewater in

Philadelphia, USA. The original energy used to treat the city’s

1640 Ml of sewage to a standard such that it had a 20% residual

biochemical oxygen demand (BOD) is equivalent to the

consumption of 6 Ml of oil daily. With further investments in

the treatment plant yielding improvements to 10% residual BOD,

oil usage would rise to 38 Ml per day; for 2% BOD, up to 115 Ml

per day. This type of investment was made across the EU in

response to the wastewater directive.

Today, however, there is a much greater awareness of the

potential impacts of over-zealous environmental improvements

in one sector impacting on another (as pointed out by Semple 17

years ago). For example, Smullen et al.,14 considering

Philadelphia’s wastewater systems more recently, demonstrated

conclusively that disconnection of stormwater near source is a

far more sustainable approach to managing high flows than

building large storage tunnels—as is about to happen in London.

Only just beginning to appear in 1991, genetic algorithms are

now being used to look for Pareto optimal solutions that can

illustrate trade-off relationships between objectives. As noted by

Fu et al.15

Compared with a single objective solution, a set of Pareto optimal

control strategies can be identified instead of a single one. This will

allow the decision maker to have a more complete knowledge of the

trade-off structure between conflicting objectives when making a

decision.

However, such methodologies cannot yet (and probably never

will) handle the important social and moral aspects of decision

support highlighted by Semple.

Since 1991, new approaches have been developed for environ-

mental impact assessment (EIA)16 and the strategic environ-

mental assessment (SEA) directive is now particularly significant

especially for local authorities in the UK when planning

developments; ‘sustainability assessments’ are now undertaken

as a matter of course (EIA and sustainability assessments are

fundamentally different, however, as the latter are more

considerate of social and economic factors17). The main

problems remaining in all these assessments are the temporal

and spatial boundaries to be set in the analysis. Semple set the

spatial boundary globally (and it is now possible to go wider

with ‘footprinting’ techniques) and recognised the importance of

the temporal boundary—now being addressed in the reprinting

of Semple’s paper some 17 years on.

In the area of flooding, the Flood Hazard Research Centre

(FHRC) had, by 1991, developed a number of ways to account

for flood losses and deal with ‘intangibles’,18 which were also

later linked to the amenity values of rivers19 and public

perception.20 Currently, these are now included in the main UK

guide for the economics of flooding, the so-called multi-

coloured manual.21

Equivalent in the sewerage area, the Sewerage Rehabilitation

Manual (SRM) was first published in 1983 by the Water Research

Centre. This introduced, over several editions (latest fourth edition

in 2001), increasingly sophisticated methods for accounting for

risk-based sewer rehabilitation. The fifth edition of the SRM, due

for publication in 2008,22 takes a major step in a more

probabilistic and risk-based approach with a forward-looking

view of risk in addition to the traditional historical view of flood

management. The fifth edition anticipates greater use of above-

ground flow modelling to establish the effect of any predicted

escapes from the sewer system (e.g. local ponding on highways or

open spaces, or property flooding). It also proposes the use of

variable standards for the upgrading of existing sewer systems

using a risk-based approach with a cost–benefit analysis. This

may, in future, facilitate better harmonisation of the approaches

across the different areas (river, coast and local urban) of flood

risk as required under the EU floods directive enacted in 2007. It

should also help link these areas, as far as sewer management is

concerned, directly with water quality protection—a requirement

of the water framework directive7,23 for which methodologies

have been given in the Urban Pollution Management Manual.24

Semple worked for many years in the Scottish civil service. In

1977, the Scottish Development Department (SDD) had devel-

oped rules for the design and operation of combined sewer

overflow storage—rules that are still used in some instances

today. Representing SDD at the time, Semple served on the

national working party on the hydraulic design of storm sewers,

which produced the ‘Wallingford procedure’ in 1981.25 This

described a procedure for the design of storm sewers to

accommodate storms of any chosen severity and is still in use

today. However, there remained the question, in 1981, of what

severity to choose. That question was labelled ‘economics’ and

Semple took part in this aspect of development of the procedure.

Relevant to his 1991 paper, the key part was his work on

identification of optimum design condition (reproduced here as

Figure 1). A chapter in the Wallingford procedure (Economic

appraisal and storm drainage) has been used more recently in

the ‘Building knowledge to adapt to climate change’ programme

of UKCIP/EPSRC.26
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Figure 1. Identification of optimum design condition25 (repro-
duced with permission from HR Wallingford Ltd)
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Blackwood et al.27 outline an approach to decision making in

wastewater system management that is based on utility

considerations, drawn in part from the ideas provided in

Semple’s paper.28 This utility-type approach is still in use and

being ‘rediscovered’ recurrently as if it were a new idea.29

Subsequent developments of methodologies to select the more

sustainable water system asset management option (taking due

account of moral considerations) extend utility-based thinking

to take a more in-depth and comprehensive approach to

decision making that attempts to balance criteria using multi-

criteria assessment techniques.30 Further developments in

sustainability assessment are reviewed in two special issues of

Engineering Sustainability.31,32 Earlier, morality—as advocated

by Semple in a global sense—was expressed in the inclusion of

Maori cultural values in sustainability assessments, illustrating

that certain human cultures may be better aligned than others

with the carrying capacity of the planet.33

In Semple’s approach there are, in principle in all cases, two

costs for any case of avoiding protection—the cost of the works

for a standard of protection and the corresponding cost of the

environmental damage still remaining. As one of these costs

increases the other correspondingly decreases in such a way that

if all data are known there will, in all cases, be a minimum

‘optimal’ total cost. This is where a line can be drawn as to what

degree of protection to provide because either more or less

protection will not be worth it. However, while the cost of

protection works can easily be evaluated, the cost of the

corresponding residual environmental damage cannot.

However, without some attempt at evaluation, chaos ensues.

The conundrum posed by Semple of ‘costing environmental

damage’ has, to some extent, been turned on its head by the

concept of ‘ecosystem services’.34 In 2005, Millennium

Ecosystem Assessment produced a major global report on the

state and future of the planet.35 It recognised that ecosystems

provide basic human requirements, each of which depends on a

number of ecosystem processes. Hence the concept of ‘ecosys-

tem services’ is defined as the benefits people obtain from

ecosystems, explicitly linking ecosystem properties and pro-

cesses to human wellbeing.36 The approach should help ensure

that the implementation of environmental policies such as the

EU water framework directive provides not simply technical

solutions to socio-technical problems. However, questions

remain, for example, about the appropriate measure of ‘value’

(economic, social, ecological) and the nature and source of

information used in an evaluation. Also, how are current costs

and benefits to be weighted against future costs and benefits,

given that future populations cannot express a preference?

Semple’s paper was certainly prescient and, as illustrated at the

start of this review, sadly largely ignored. Or perhaps it was

already too late to effect any changes in time and avert the

current, and clearly foreseeable, problems in the UK. A more

recent paper12 shows how, in the worldwide water sector, there

is a clear discontinuity between ‘presents, recent pasts and near

futures’—the consequences of which are that decision makers in

this area frequently fail to learn the lessons of history. This

results in severe path-dependency of decisions (‘we know this

works because we have always done it this way’) notwith-

standing evidence that things should now be done differently

(also echoed in a review of the history of flood risk management

in Britain37). This is illustrated by institutional understandings

of what is assumed to be ‘common sense’.38 This paradigm or

‘regime’ limits space for innovation and the exercising of critical

judgements.

A contemporary illustration of this problem is the new Thames

tideway sewer tunnel, now being built to address the 1991 urban

wastewater treatment directive. The 2000 water framework

directive would require a much more considered assessment of

the sustainability implications of this ‘path-dependent’ and

‘common sense’ approach, which has a huge carbon footprint.

This illustrates that, despite the intervening years, little advance

in civil engineering has actually been made since Semple’s 1991

paper. The profession is largely locked-in to a path-dependency

that favours large technological ‘solutions’ rather than develop-

ing the much-needed incremental, adaptable, flexible and mixed

‘responses’. This problem is not confined solely to the UK; in

Australia, the promising take-up of ‘water sensitive urban design’

has stalled in a new rush to build desalination plants instead.39

It may be concluded that, notwithstanding considerable work

since 1991, the current picture as regards environmental

protection costs remains confused and inconsistent. There are

already examples of over-zealous application of the water

framework directive in parts of Europe, with excessive

expenditure being demanded by environmental regulators.

Expectations amongst many European citizens are often very

high, exemplified by Copenhagen’s inhabitants who wish to

swim in the harbour and are committed to paying for ways to

achieve this.40 Presumably, health services, education and

employment levels are all exemplary in Denmark and there is

sufficient spare wealth to invest in the pristine environment

required for city bathing; this is not true for most of the rest of

Europe. Overall, it is possible to conclude that the sorts of

principles espoused by Semple have not yet been fully worked

out and more development is needed in this important area.

Finally, it is appropriate to reiterate the two concluding

paragraphs of Semple’s 1991 paper as they still apply today.

Complexities exist with regard to environmental protection. All is

not perhaps as it seems. It is easy to arrive at policies that are

superficial, facile, not efficacious and even counter-productive. The

world is awash with good ideas but short of principles by which to

judge their efficacy. An attempt has been made in the Paper to

identify some of the correct principles and apparent contradictions,

but much remains to be done.

Consideration of the finite resources of fossil fuels and environ-

mental sinks brings in overriding imperatives which require research

on a national and international scale. The Institution of Civil

Engineers is recommended to participate, in collaboration with other

professional bodies, in developing a programme of research and

education. The research results could have feedback to current

engineering activities which may already be off-track.
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