





Adaptation to climate change in the UK: a water infrastructure solution?

atmospheric variables, with different
temporal and spatial averaging, over
several future time periods, and
under three future emissions scenarios
(Jenkins et al. 2009). UKCP09
improves upon UKCIPO2 by quantifying
the probability of different amounts of
change rather than providing a single
estimate. While recent observed
trends in climate are broadly within
the range predicted by UKCIPO2, it is
important that UKCIPO2 projections
are no longer considered in isolation.
Figure 6 provides a comparison of
seasonal mean changes in annual,
winter and summer mean precipitation
at 10 per cent, 50 per cent and 90
per cent probability levels, for the
2080s under the UKCP09 Medium
emissions scenario. The reader is
directed to Murphy et al. (2009) for a
thorough explanation of these
projections and to http://ukclimate-
projections.defra.gov.uk where maps
for alternative emissions scenarios
and over alternative timeframes can
be sourced.

Demand

Considering the effects of climate
change in isolation, domestic water
demand could increase by 4% by
20830 (Environment Agency 2009).
Population pressures are however
considered the greatest drivers

behind water demand projections

and with the total population of Figure 6: Changes in annual (top) winter (middle) and summer (bottom) mean
England and Wales expected to precipitation (%) at the 10, 50 and 90 per cent probability levels*, for the 2080s under
increase by 20 Million by 2050 the Medium emissions scenario (UKCPQ9).

“The 10 per cent, 50 per cent and 90 per cent probability values used within UKCPO9 refer to the likelihood of a climate change being
less than the stated amount (Jenkins et al. 2009).



(a 35% increase), overall household
demand rises may be expected, if
per capita consumption remains
static, to also rise by 35% (in addition
to any climate change driven
demand increase).

The Environment Agency (2009) is
projecting an overall increase in
demand closer to 6%, which seems
to be in line with the 120 I/p/d to
which DEFRA aspire. Whatever the
increase in demand might turn out to
be, this growth will be geographically
varied with the majority in the south
east (Cave 2009), the very region
with the greatest existing water
resource challenges, and paradoxically,

the lowest water prices (Rodda 2008).
Trends towards reduced household
occupancy levels (South East Water
2010) will require the construction of
new homes which despite initiatives
such as the Code for Sustainable
Homes, are expected to further
exacerbate the problem.

Demand from irrigated agriculture
could be 25% higher by 2020
(Environment Agency 2009) and
would be concentrated in summer
months when water is already most
scarce. Consideration should also be
given to the extent to which we rely
on imports of food and the extent to
which these ‘virtual water flows’

Large scale storage - Craig Goch reservoir, Mid-Wales

supplement our overall water
footprint. The UK is the 6™ largest
net importer of water in the world
(Environment Agency 2009);
however, with other countries also
experiencing the effects of climate
change, the extent to which this
reliance can (or perhaps should) be
maintained is likely to be challenged.

For example, we may have to grow
a greater proportion of the food we
consume here in the UK. The links
between water scarcity and food, as
well as between water and energy
are incredibly strong and will grow
further. They should not be
overlooked within future planning®.

5An introduction to the Water-Food-Energy nexus is presented Harpin, R. and Norton, M.R. 2010,

‘Water Scarcity — The Invisible Crisis’.
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Management responses to the supply-demand deficit

Water resource management plans
(WRMPs) are a requirement of the
water companies and set out the
measures each believes is necessary
to ensure sustainability of supply
within their service area over the
forthcoming 25 years. The
Environment Agency currently
advocates a ‘twin-track’ approach
within which interventions that act
to improve both the supply and
demand for water should be
considered. The organisation’s
Water Resources Strategy (2009)
makes reference to a host of
potential measures which include:
considering the sharing of resources
between water companies;
improving the current licensing
system for abstractions; increasing
water metering and employing sliding
pricing scales that better reflect the
true value of water; and increasing
the proliferation of sustainable
drainage systems (SUDS).

Although both supply and demand
management measures are
discussed within the strategy, clear
priority and focus is directed towards
the latter. The development of
supply resources is viewed as a
‘legitimate response’ but the water
companies are expected to consider
demand management options first.
Demand management is perceived
as flexible to changes in future
predictions of demand growth and
believed to foster a direct interface

between consumers and
customers of the water service.
While these advantages may realise
benefit, the Environment Agency’s
strong stance may act to narrow
the mindset of decision makers,
encouraging them along the demand
management pathway while
overlooking supply-enhancement
interventions that might be entirely
viable when assessed within an
entirely objective framework.

The following paragraphs outline
some potential supply-enhancement
measures, with a focus directed
towards those that promote the
‘slowing down’ of water, both in
isolation and, often more effectively,
in combination. In addition to
increasing available supply, by
slowing down water these schemes
can also reduce flood risk and
significantly benefit the environment.

Large-scale winter water storage
Reservoir construction enables

the storage of excess water and
therefore permits maintenance of a
reliable water supply during periods
of relative scarcity. This simple
concept has been fundamental to
past water resource planning
however, in developed countries at
least, the creation of large dams and
reservoirs is now often perceived as
unacceptable by a significant proportion
of society. Storage is often considered
irreversible, a blight on the
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landscape, and rigid to changes in
future predictions of demand growth.
Past instances of reservoir
developments that failed to fully

and holistically assess all impacts
have largely fostered this consensus.
Furthermore, reservoir construction
requires significant initial capital
investment that must be justified

by forecasts of demand that carry
inherent uncertainty. A case in point
is Kielder reservoir in Northumberland.
Completed in 1982 at a cost of
£167 million, it has a capacity of
200 million m3 and is the largest
storage reservoir in Western Europe
(Environment Agency 2010).

The scheme was initially justified on
the basis of supporting growth in

UK industry however the projected
demand forecasts largely failed

to materialise.

In response to the negative press
concerning the impacts of dam
construction, the World Commission
on Dams (2000) outlined seven
strategic principles for decision
making that should be adhered to
during scheme planning. Aligned to
these recommendations, reservoir
development can provide an
integrated solution that while
significantly increasing water
resources, may also provide
environmental enhancement through
habitat creation, and promote
economic growth through tourism,
recreation and fisheries.



Future climate projections point
towards winter increases and
summer reductions in river flow. It
follows intuitively that this changing
pattern should be countered by the
introduction of additional storage that
would slow down and restore the
temporal functioning of hydrological
processes and therefore maintain

or potentially increase the reliability
of supply. Furthermore, several
authors point to the benefits of such
an approach for the maintenance

of a healthy environment. ‘Hands
off’” limits are currently applied by
the Environment Agency to prevent
environmental degradation caused
by abstraction when river levels are
low. During winter, these facilities are
rarely required and excess water can
be justifiably and sustainably stored.

During summer, when low flows are
more common, water levels are often
augmented by return flows derived
from treated effluents and leakage.
By storing more water in winter for
summer supply, the reliability of these
return flows, and by association,

the health of the riverine environment,
could be improved. The approach

of abstracting more when river

flows are in excess also reduces
pressure on abstraction from
groundwater sources.

Within the south-east region, identified
as the UK’s most water stressed,
the Environment Agency has been

leading a process of water resource
modelling in partnership with the
associated water companies and
Ofwat that assesses how regional
resources can best be optimised.
The results of modelling undertaken
by Halcrow (von Lany et al. 2010)
repeatedly selected source
development and water transfer
options between the water companies
as the most robust planning solutions.

The need for strategic resource
development, particularly in the
south and east where deficits persist,
has been argued for several years.
Sheriff et al. (1996) discuss potential
storage options and provided
comparative costs while Rodda
(2008) developed these ideas further
and stressed the importance of
considering large storage facilities
from an objective baseline. The
WRMPs of the water companies in
the region also highlight the suitability
and economic preference of
developing new storage facilities.
The costs and supply benefits of
proposed reservoirsare presented in
Table 1. Given the previous discussion
regarding water pricing, the quoted
investments appear reasonable,
especially so considering the fact
that the respective WRMPs already
appraise them as the most

viable solutions.

e Thames Water considers the
development of an Upper Thames

Reservoir as the preferred option
to maintain security of supply both
within the immediate Swindon and
Oxford region and downstream
via the Thames in London. The
company stresses the importance
of a major resource to manage
future climate uncertainty and also
highlight that in the short-term, the
reservoir would provide a surplus
that could be shared with

other regions.

Within the next 15 years, South
East Water identifies the need for
construction of two new winter
storage reservoirs (Clay Hill and
Broad Oak), as well as the raising
of the existing Bewl reservoir. The
Broad Oak scheme is economically
preferred when considered against
other potential solutions such as
effluent re-use and desalinisation.
It also provides opportunities for
environmental enhancement.

Portsmouth Water lies within an
area of ‘serious water stress’ and
has no long-term water storage
facility. Its WRMP identifies the
need for a winter storage reservoir
at Havant Thicket in order to
increase resilience to climate
change. Portsmouth Water argue
that the reservoir has the potential
to support sustainability initiatives
on the River Itchen and to increase
existing bulk water transfers to

the adjacent Sussex area (serviced

5The Environment Agency (2009) estimates that as much as 70% of water company abstractions are returned to enhance river flow
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by Southern Water). Sheriff et al.
(1996) estimated that the
implementation of major new
reservoirs can take twenty

years or more from initial studies
to commissioning.

Cost
(£ million)

Volume
(million md)

Context

Yield
(million 1/d)

Context

The above schemes have been
under consideration for some time
and given both the protracted nature
of the design, consultation and
planning processes, in addition

to the potential for severe water

Kielder reservoir has a capacity of 200 Million m?

Kielder reservoir has a yield of 420 Million //d

shortages under the more extreme
climate projections, it is perhaps
somewhat surprising that other
storage schemes and interbasin
transfers have not yet been
thoroughly appraised.

Portsmouth Water
Havant Thicket
reservoir

36

8.6 t0 8.9

34

Table 1: Comparison of proposed reservoir developments. Data derived from water company WRMPs.

Small-scale agricultural storage
This article has already highlighted
the strong links between water and
food. Irrigated cropping plays a
relatively small but highly significant
role in UK agriculture with the industry
already worth £3 billion to the annual
economy of eastern England alone
(Weatherhead et al. 2010). The
government (2010) intends to ensure
our future food security via a strong
reliance on domestic production
therefore, given future population

’Source: International Water Power and Dam Construction (2010)

8Source: Medway Council (2007)

growth, and recognising that the
effects of climate change will reduce
our ability to rely on rain-fed agriculture,
the role of irrigation is likely to grow
in importance.

While some reductions in agricultural
water consumption can be achieved
by optimising the efficiency of irrigation
practices and improving the yield
and water resilience of crops, we
believe that the small-scale storage
of excess winter flows will provide a

sound solution for improvement of
future food security. Off-line reservoirs
ensure summer water supply without
environmental conflict and therefore
enable the farmer to plan cropping
and product supply with far greater
certainty. The Environment

Agency (2009) recognises the
importance of small-scale water storage
for agricultural use but despite the
apparent benefits, uptake within

the sector has been relatively slow.

In 1995, fewer than 3,500 farm

°Source: International Water Power and Dam Construction (2010)

%Source: Portsmouth Water (2008)
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reservoirs existed (Weatherhead et
al. 1997) and while awareness has
grown, several barriers to
implementation exist. Strongest
amongst these is the requirement
for high upfront investments that
initially outweigh the financial benefit.
Unlike in most European countries,
no government funding for farm
storage is available in the UK
(Environment Agency 2009) and
alternative regional sources are
described as inadequate (EERF
2007). A financial support scheme
has recently been developed through
a joint EU/East of England
Development Agency programme
(Weatherhead et al. 2010) however
more universal support is needed.
Sharing of storage facilities between
adjacent farms (facilitated for example
through the creation of Water
Abstractor Groups) would help to
reduce the initial financial burden but
would necessitate clear allocation of
water rights.

Sustainable homes and SUDS
Defra (2010) has recently released

a series of Future World illustrations
describing how generic areas of the
UK such as cities and agricultural
facilities will have to adapt to the
effects of an altered climate. The
2030 domestic house incorporates
grey water re-use, rainwater harvesting
facilities and permeable paving while
city design makes use of green roofs
to reduce run-off and incorporates

"'See DCLG (2006)

drainage systems better suited to
cope with extreme rainfall events.
Farmland might incorporate
rainwater harvesting facilities while
within the countryside, previously
drained landscapes such as peat
bogs could be encouraged to
regenerate and thereby slow the
movement of water down-valley.

Sustainable drainage systems
(SUDS) constitute one mechanism
towards achieving the Code for
Sustainable Homes'" targets and
comprise a broad variety of generally
localised interventions that aim to
mitigate many of the adverse effects
of urban storm water runoff, principally
by mimicking the natural catchment
response and thereby controlling
runoff at its source (CIRIA 2007).
Individual SUDS are designed into
developments with the aim of
achieving specific roles such as the
reduction of runoff rates or frequencies,
or to encourage groundwater recharge.

While SUDS generally act to slow

the passage of water across the
landscape, the period of delay has
important implications for their overall
impact. In order to slow water passage
over seasonal time frames, preference
should be given to SUDS that direct
surface water runoff into the ground.
Although interventions such as green
roofs and rainwater harvesting may
provide benefits in reducing peak
drainage loading over short timescales,
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their positive impact on longer term
water resources is likely to be limited.
In comparison, other interventions
such as permeable paving act to
increase groundwater recharge
thereby replenishing water sources
as well as buffering against peaks

in surface water flows that may
cause flooding. The SUDS Manual
produced by CIRIA (2007) provides
detailed guidance on when and how
SUDS should be used.

Aquifer storage and recovery

The aquifer storage and recovery
(ASR) concept presents a larger-scale
alternative to those SUDS that act to
increase available groundwater supply.
Where aquifer hydraulics permit,
excess surface water flows (again,
generally over the winter period) are
pumped below ground, stored, and
then utilised as required, currently
commonly in response to peaks in
demand, for emergency supply and
in responding to drought. Jones et al.
(1998) identified a large potential for
development of ASR schemes in the
UK and at a wide range of scales.
Several examples of ASR exist and
more are planned within WRMPs,
predominantly as incremental
schemes designed to augment
supply and control the magnitude of
resource imbalances. The majority
contribute relatively small additions to
the supply resource however larger
facilities are present in the Lee Valley
and at Enfield-Haringey in London.
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Both these schemes utilise surplus
surface water, from the River Lee and
Thames respectively, and together
with boreholes in Walthamstow,
Tottenham and Chingford, provide

a strategic drought resource of 160
million I/d (Thames Water 2004).
Sheriff et al. (1996) suggest that a
total of 180 million I/d may also be
available in south London.

Other supply-

enhancement interventions
Rather than to increase water
storage or improve its efficiency,

the process of desalination acts to
enhance water supplies by producing
potable water from saline or brackish
sources. Desalinisation schemes are
generally more expensive than those
discussed above however significant

technological improvements have
been made in recent years (Totten

et al. 2010) and the consideration of
desalinisation schemes is apparent
within the WRMPs of most of the
water companies. The only significant
example in the UK is the Beckton
Plant, operated by Thames Water
and opened in June 2010 at a cost
of £250 million. The plant takes
brackish water from the tidal

Thames and uses reverse 0Smosis
to achieve desalinisation. The plant
will provide an additional 140 million
I/d to be used as a drought response
mechanism as required (Thames
Water 2007).

An important consideration within the
option appraisal of any intervention
should be its carbon emissions. Table

2 indicates that in this respect, the
lifecycle emissions attributable

to desalinisation are significantly
greater than those corresponding

to either reservoir construction or

to the application of ASR. Interestingly,
rainwater harvesting and grey-water
re-use are also highlighted as energy
intensive options reflecting the need
for complex treatment of captured
water. The nature of the surfaces
from which stored water is sourced
and common storage methods
mean that harvesting facilities also
have the potential to act as public
health risks. Treatment requirements
also act to create high capital

and medium maintenance costs
(CIRIA 2007) that may reduce

the economic appeal of this form

of SUD.
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Farm storage - mullens irrigation lagoon, Wiltshire
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Emissions Carbon cost relative Carbon cost

to baseline
kgCO?e/day/house Pence/m? Pence/m?
Metering and tariffs 2.08 -3 25
Current water
‘supply-use-disposal’ 2.43 baseline 28
carbon cost
Individual
household 2.67 +10 38
rainwater
harvesting (retrofit)
Individual
household grey 2 59 11 39
water re-use S *
(retrofit)
Reservoir 2.61 +3 31
ASR 2.47 +1 29
Desalinisation
2.91 6 34
(brackish water) *
Desalinisation 3.77 +16 44
(saline water)

NB The lifecycle impact assessment of individual options is based on the estimated emissions
associated with construction, manufacture, installation, maintenance and operation.

Table 2: Emission lifecycle assessment (Environment Agency 2008)
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Conclusions

This paper has considered the current
and projected future water resources
of the UK and assessed the extent to
which supply-enhancement measures
that store water should be used to
close the supply-demand gap.

The general characteristics of
expected climate change (principally
the projected increase in intensity
and absolute volume of winter rainfall
in addition to the geographical
widespread, but not universal,
reductions in summer precipitation)
will act to ‘speed up’ the transfer

of water through the landscape.
Although trends in demand are
dependent on government initiative
and social mindset, increases of

35 per cent could occur by 2050
(Environment Agency 2009). In
combination, these projections
necessitate a sustained and strategic
consideration of water resources at
a broad geographic scale and within
a management framework fit for the
21st century.

The currently advocated ‘twin-track’
approach to water resources planning
exhibits a clear steer towards demand
management. While schemes such
as metering and the installation of
water efficient products do have
benefit, sole reliance upon them will
not achieve water resource security
(Rodda 2008). The advantages and
disadvantages of any adopted
approach should be considered

alongside an appreciation of the
wider water resource regulatory
framework. In this respect, in
England and Wales it is considered
that more should be done to incentivise
innovative and collaborative thinking
by and between the water companies.
Improving regional disparities in
water resources through the
advocacy of transfer mechanisms

is one such example with significant
potential benefit.

Importantly, the potential success

of water resource management
schemes is currently limited by our
failure to truly value water, a disparity
that transcends all water resource
planning. With water bills constituting
such a low proportion of average
household expenditure, public
response to demand management
will only be sub-optimal while the
financial capability for supply
investment is also capped. An
increase in the price we pay for water
(so long as implemented in a manner
that protects the poorest) could
support a shift in management focus
away from a sometimes blinkered
preoccupation with demand
suppression towards the enhancement
of water supplies at a national scale.

Through the capture of excess winter
flows, supply-enhancement schemes
that store water take advantage of
the hydrological trends predicted

to accompany climate change. By
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slowing down water transfer across
the landscape, they also act against
the negative consequences that
may otherwise occur, increasing the
resilience of the built environment to
harmful impacts such as flooding.

Water resources are most effectively
considered at broad geographic
scales and in this respect, the
proposed approach becomes part
of a holistic and consistent strategy.
Promotion of upland catchment
management practices that act to
restore natural buffers such as
peatlands, the construction of
reservoirs and farm storage facilities
within middle reaches, and the
implementation of groundwater
recharge SUDS within downstream
developments would, in combination,
ensure full alignment both with the
general concept of ‘slowing down’
water, and with the widely
prophesised aim of a ‘big society’

in which integrated communities
consider their wider environment.
|
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