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1. Introduction

Land use change, between agriculture, forestry, and other uses, affects water
resources. Different land uses absorb different amounts of rainfall and affect the
amount of water reaching underlying aquifers, streams and rivers. Different land uses
also have different impacts on water quality in streams and rivers. A considerable
amount of research has been directed to quantifying the physical magnitude of these
impacts under varying circumstances, although considerable information gaps remain.
Much less research has been devoted to assessing the economic value of the impact of
forests on water supply and on water quality in Britain.

The objective of this report is to assess, and quantify as far as possible, the impact of
forestry on costs and of water supply and water quality. Where quantitative estimates
of impact could not be made because of lack of data, qualitative assessments are made
with respect to the impact.

The value of water can be estimated in terms of:

e opportunity cost. e.g. the cost to society of forestry using the marginal
quantity of water rather than some other economic activity;

e replacement and mitigatory costs: e.g. the cost of having to develop
alternative water sources where forests reduce supply; the reduced cost to
society where forests regulate run-off and hence lower flood risks and the
need for flood prevention; etc.

o willingness-to-pay (WTP) by individuals in terms of use and non-use values
for marginal increases in security of supply, enhanced water quality,
reductions in interruptions to supply, etc. from changes in water supply and
quality due to forests.

There are few benefit or WTP estimates for individuals, for specific water supply and
water quality issues created by forests, that can be applied across Britain. Moreover,
since water company customers have to pay through their water bills to permit water
companies to develop alternative sources of water to meet demand, it seems
reasonable to use replacement cost as the relevant measure of value. Hence,
replacement and mitigatory costs are mainly employed to measure the impact of
forests on water supply and water quality in this report. However, for some issues,
e.g. loss of hydro-electricity production, opportunity cost measures might be more
appropriate.



This report briefly categorises the main non-market costs and benefits of forestry on
water supply and quality. It then documents in more detail the impact of forestry on
water supply, and the possible externality cost of woodland if water companies had to
replace the water lost through afforestation. The report then investigates the impact of
forestry on water availability to other land-uses; reviews the impact of forestry on
water quality; before going on to outline the possible costs and benefits of forests in
these areas.

Estimates of water supply replacement costs are provided for England and Wales.
Lack of data on replacement costs of water precluded the extension of this to
Scotland. Similarly lack of data meant that many aspects of the impact of forests on
water quality could not be quantified on a comprehensive spatial basis. In addition
the lack of data on other externality benefits of woodland e.g. in reducing flooding,
soil erosion, etc., mean that many of the positive benefits of forests on water issues
are acknowledged but remain unquantified on a spatial basis across Britain.

The report concludes that undertaking a reliable evaluation of the impact of forests on
water for Britain as a whole is difficult, both because of a lack of relevant economic
data plus the fact that the impacts of forestry on water quantity and quality are
strongly influenced by site-specific factors

2. Non-market benefits and costs of forestry on water supply and quality

Forestry can potentially affect the quality and amount of water available to other

users. The principal uses of water flowing into and from forested catchment areas are:
e abstraction for potable water (for drinking and commercial uses)

agriculture and irrigation in down-stream areas

hydro-electric power generation

wildlife, including recreational and commercial fisheries

other recreational uses, such as canoeing and sailing.

The quality of water flowing from forested areas is also important to all of these
activities with the exception of hydro-electric power generation. Woodland might
improve or denigrate water quality depending on forest management practices and
alternative land-use (e.g. agriculture).

Woodland also has positive benefits on water supply and quality. By regulating run-
off it may reduce down-stream flooding, prevent soil erosion, etc. There is a lack of
comprehensive information on these impacts across Britain. Hence the value of many
of the positive benefits of woodland on water issues is difficult to estimate.

The impact of forestry on water that is most easily and comprehensively quantified,
and valued spatially, is that of its impact on water availability, e.g. in terms of the lost
use value of potable water. However, even for this use, the value of potable water lost
through forestry is still subject to considerable uncertainty. As with all the above
uses, the extent of the impact of forestry depends upon the proportion of the river
catchment area covered by woodland, and type of woodland.

3. Forestry and water supply



The impact of forestry on water availability
Rainfall over land surfaces replenishes groundwater reservoirs and provides runoff in
streams and rivers. Some of this rainfall is lost through
e interception of rainfall held on leaves and evaporated by the wind before it
reaches the ground,
e transpiration: water drawn up through plant roots and evaporated from leaves
through the stomata (small pores in the leaf surface).

The inception of rainfall (hereafter simply termed inception) and transpiration rate for
forests is usually greater than that for alternative vegetation, because they have more
leaf cover in relation to ground area and a greater aerodynamic roughness of their
canopies, and because they have a deeper root system.

Hydrologists and climatologists point out that forestry is important in the interception
of rainfall, especially relative to grassland. Forestry increases the inception rate, and
hence reduces the amount of rainfall percolating through to the underlying water
table, and to streams and rivers (Calder, 1999). Thus forestry can have an important
effect on stream flows, but this impact varies according to forest rotation. The
Coalburn experiment' found that ground preparation through ploughing increased
annual total run-off flows (especially by augmenting low flows) and increased peak
storm flows (although shortening their duration). In contrast the growth of trees
reduced water yields and peak flows, and base flows declined (Robinson et a/ , 1998).
Hence semi-mature and mature forests affect the availability of water for abstraction
to water companies. Since the demand for potable water is increasing (through
population growth and growth in demand for water per capita) forestry may affect the
costs that water companies face in abstracting water.

The model developed by Calder and Newson (1979), and subsequently refined (see
Calder, 1999), is widely adopted to estimate the annual and seasonal differences in
runoff from afforested upland catchments in the UK compared to an alternative
vegetation cover, typically grass cover. Assumptions underlying the model are that
(1) evaporation losses from grassland are equal to the annual Penman® potential
transpiration estimate for grass, Er, ;
(2) transpiration losses from forest are equal to the annual E7, value multiplied
by the fraction of the year that the canopy is dry;
(3) annual inception loss from forest, with complete canopy coverage, is a simple
function of the annual rainfall, P, ;

" The Coalburn catchment experiment established in 1966 is Britain’s longest running experimental
catchment area, situated within Kielder Forest, with over 30 years of observations from open moorland,
through tree establishment in 1973, to canopy closure. The tree species planted, the peaty soil types in
the catchment, and the need for extensive ground cultivation and drainage to aid tree establishment are
typical of many upland forests.

* The Penman model is concerned with the determination of potential evapo-transpiration, PE.

PE considers that the soil matrix is at field capacity and that evaporation from the surface is close to
maximum. PE from a grassland surface is close to £, from a large water body, hence the methods used
to determine E are also used to calculate PE. Thus PE = f'E,, where f = empirical constant (= 0.6,
November, December, January, February; = 0.7, March, April, September, October; and = 0.8, May,
June, July, August. So PE is typically 70% of lake evaporation and since actual evaporation < PE,
actual evaporation < ET < 0.7E, (Tilford, 2000).



(4) soil moisture deficits are insufficient to limit transpiration from grass or trees
in the wet upland area of the UK.

The model for annual evaporation is:
Ea = ETa+ f(Paa - WaETa)

where a = the inception fraction (35-40% for regions in the UK where rainfall exceeds
1000mm); w = the fraction of the year when the canopy is wet (~0.000122P,); f = the
fraction of the catchment area under forest cover.

Climatologists and hydrologists advise that there is little difference in inception rate,
especially for conifers, between summer and winter. However, there is a net
difference between trees and the alternative vegetation. Trees result in an
approximately 30% inception loss compared to grass and moorland grasses; but where
the alternative is bracken then the inception loss from trees is only of the order of
18%-20% (Newson, 2001).

Transpiration from the canopy occurs when the leaves are dry. Transpiration is
variable, but mainly driven by climate. The transpiration rate does not vary much
between tree species, even between broadleaves and conifers. There is an
approximate 15% loss through transpiration when the canopy is dry, whilst
transpiration ceases when the canopy is wet (Newson, 2001).

The balance between inception and transpiration varies depending upon climate, and
can vary between summer and winter. Thus, for Thetford forest the transpiration rate
is twice the inception rate, because the East Anglian climate is characterised by rain
on 5% of days compared with 20% of days with rain in the uplands of Britain.

The difference in water yield between mature forest and grassland in the lowlands is
less than that in the uplands. It is argued that the drier and less windy climate of the
lowlands reduces the size and importance of inception loss, so that in the lowlands the
difference between forestry and grassland is believed to be marginal (Forestry
Commission, 2000).

The Calder-Newson model is used to estimate decreases in water availability through
forestry for England and Wales (see Tables 1 and 2). Rainfall (rainfall in mm) and
annual evaporation (effective transpiration rates E7,) were obtained from MAFF
(1976) information on the agricultural climate of England and Wales. Woodland
cover (forest %) was supplied by the Forestry Commission for the year 2000, from the
national inventory of trees and woodland that covers all woodland (private and public)
in Britain. Inception is taken to vary according to rainfall.> From this information the
loss in mm per hectare can be estimated. This multiplied by the forested hectares
(adjusted to take account of felled, newly planted, and forested area) gives the
reduction in the amount of rainfall available under forestry, relative to grassland

* Inception rates were taken to be

rainfall (mm) inception rainfall (mm) inception
> 1000 0.30 700-799 0.15
900-999 0.25 600-699 0.10
800-899 0.20 < 599 0.05




coverage, from the Calder-Newson model can then be converted into a cubic metre
loss per hectare. This is expressed at a county level.

There are a number of errors in applying this approach to estimating the m’ loss of
water per hectare by county. The rainfall data produced by MAFF are for agricultural
districts that frequently cut across county boundaries. There is often more than one
agroclimatic area per county; but where this is the case information for the
agroclimatic area in which most woodland in that county is based was used. Although
the standard against which water loss due to forestry is calculated as grassland,
different counties also have varying amounts of other land-uses (heather, urban areas,
etc.). In areas where the alternative land-use is heather, the Calder-Newson model
will over-estimate water loss due to forestry [if the model was applied unmodified to
Scotland this would have major implications for the estimated impact of forestry on
water]. In areas covered by urban development, the direction of relative error is
uncertain, and depends upon the inception and transpiration rates under grass
compared to urban land-use. The net transpiration and inception loss due to forestry
also depends upon the forest rotation. Clear felled areas will have the same
transpiration and inception rates as grassland. The national woodland survey provides
information on tree type [broadleaved, coniferous, mixed (broadleaved and coniferous
where each is <80% of all tree area), coppice, coppice with standards, shrub, felled,
ground prepared for planting, young trees, and total woodland area]. Tree coverage
was taken as total woodland minus felled area minus ground prepared for planting.
Identifying ‘young trees’ is problematic since they are revealed from image
representations on 1:25,000 areal photographs. These images reveal trees as having
been planted (seen as dots representing rows of visible trees on the photograph) but
tree crown development is insufficient to distinguish between broadleaved and
conifer. In the case of ‘young trees’ the number of hectares was divided equally
between forested and non-forested areas (i.e. newly planted woodland area was
deemed to be equivalent in hydrological terms to grassland). This produced a
modified estimate of the area of forest by county in the penultimate columns of Tables
1 and 2.

In addition, whilst the Calder & Newson model is probably the most amenable to this
type of assessment, it does not separate out the effects of broadleaves from conifers.
Some recent evidence suggests that broadleaves have a lower water use compared to
conifers (Roberts et a/, 2001). Thus the adoption of the Calder-Newson model will
overestimate the loss and thus the overall cost of water due woodland in areas of
broadleaved woodland. This is especially the case for areas overlying chalk, the
principal groundwater aquifer in England, where research has shown broadleaved
woodland might actually use less water than grass (so that there would be a net benefit
rather than cost).

Nevertheless, it remains difficult to predict accurately the water quantity impacts of
lowland forestry because
1. in the lowlands transpiration generally exceeds inception. Tree physiology
exerts a strong influence over transpiration rates, depending upon interactions
between atmospheric demand and available soil water. Hence this can result
in lower or higher transpiration rates compared with different agricultural
Crops.



2. there is limited information on the evaporation losses for different tree species
growing on contrasting soil types in lowland Britain (Calder, 2002).

A hydrological land-use model of Greenwood Community Forest in Nottingham,
using parameter values derived from the earlier study for chalk, but amended to take
account of the differences in soil water availability for sand and clay-loam soil, found
that annual evaporation from broadleaved woodland on sandy soil was 93mm (20.2%)
higher than that from grassland. This implies that afforestation would reduce the
average recharge (of the aquifer) and runoff by 51%. The predicted reduction in
recharge plus runoff on clay-loam soil was 62% (Calder, 2002). The impact of a
three-fold increase in woodland cover from 9% to 27%, within Greenwood
Community Forest, was estimated to reduce annual recharge and runoft by 11% (over
a 24 year period).

A comprehensive assessment of the impact of broadleaves on water supply by
soil/geology types remains to be undertaken. Until this is completed predicting the
effect of forestry on water supply in lowland Britain remains uncertain.

Other factors likely to overestimate the water use costs of woodland in upland Britain
are the failure to account for the higher water inception rate of heather and bracken,
the additional water yield resulting from forest drainage, and the fact that in some
areas conifer forest will be located downstream or outside of the utilisable water
resource. It is also important to note that while the adjusted forest area figure includes
'young trees' (<60 cm height), this will greatly underestimate the area of pre-canopy
closure crop that could be expected to have lower inception and transpiration rates
than the standard for conifers.

It should be noted that the Forestry UK Standard affects the management practice in
second rotations of woodland, resulting in increased levels of broadleaves, open space
and a more varied age distribution. All of these changes are likely to reduce
interception levels.

Clearly, there are many practical problems in estimating in detail the impact of
forestry on water supply. Nevertheless, given the estimates of the physical impact of
forestry on water availability, an economic value for this loss of m® of water due to
woodland now needs to be calculated.

Marginal cost of supplying potable water

The foregoing section illustrates how forestry can potentially reduce the amount of
water available to the water industry compared with its alternative land-use (say
grassland for broadleaved and moorland for conifer trees). Forestry generally reduces
run-off into rivers, thus reducing the amount of water available for abstraction from
this source; and forestry also reduces the amount of water percolating down into the
water table, thus reducing water available for abstraction from this source. If the
amount of water available for abstraction is reduced then this may increase abstraction
costs to the water industry, but only if alternative sources of water supply have to be
developed.



The marginal cost (MC) of reduced surface and ground water available to the water
industry will vary with the amount of forest cover in the area, and with the particular
schemes each individual water company adopts to equate the marginal demand and
supply of water in each of the water resource zones in its area. This might involve
additional groundwater pumping from boreholes; the development of additional
pipelines to import water from other catchment areas, or other infrastructure (e.g.
reservoirs) etc. MC might also vary with rainfall levels and with location (the
importance of location might be usefully explored in future research using GIS to
document what water catchments are used for water abstraction).

Where no additional infrastructure is required and water deficits can be met by
additional abstraction from existing boreholes then the short run marginal costs
(SRMC) per million litres (MI) in 2001 are: power £25; chemicals, <£1 for good
groundwater sources; chemicals, ~£2 for groundwater sources with enhanced
treatment e.g. nitrates; chemicals, ~£15 for surface water sources (McMahon, 2001).

However, forestry is a long-term investment and hence it is more appropriate to use
the long run marginal costs (LRMC) of water supply to estimate the environmental
costs of forestry. OFWAT now requires water companies® to produce accurate and
consistent estimates of their long run marginal costs (LRMC) of water supply. These
are estimates for the total cost of abstracting the next cubic metre (m’) of water,
including any capital investment costs. OFWAT regards LRMC not as a theoretical
concept but as a central reference point for sound decision-making by both companies
and the regulator (OFWAT, 8-5-2001). Hence LRMC can be argued to provide a
sound basis upon which to estimate the environmental costs of forestry on water in
this study. Of course OFWAT recognises that LRMC are forecasts and rely on
engineering judgements, and that such forecasts are subject to errors and uncertainties.
LRMC estimates will vary depending upon whether demand is spread evenly across
water resource zones within each company area, or whether demand is expected to be
evenly spread across zones.

OFWAT recognises two methodological approaches to estimating LRMC: (a) average
incremental cost (AIC) approach (b) perturbation (P) approach. Both approaches are
based on optimal least cost solutions to addressing demand/supply imbalances. The
AIC approach estimates LRMC as:

(PV of extra capital and operating costs of the optimal strategy) /
(PV of discounted volumes of additional water supplied or saved)

Thus the AIC approach considers the level at which future increments of output must
be sold to ensure total incremental cost recovery, given forecast changes in demand
and supply. In the P approach LRMC is calculated as the change in the

(PV of schemes required to maintain the supply/demand balance) /
(PV of marginal change in expected demand)

The P approach considers the change in forecasted future system costs arising from a
permanent increment or decrement in forecast pattern of future demand. Whilst both

* There are some 26 water companies in England. The Anglian Water Company is counted as two
here since it covers separated geographic areas: East Anglia and Hartlepool areas



approaches are based upon present value (PV) over a 25 year time horizon, the P
approach is more explicitly concerned with decision-making at the ‘margin’.

The LRMC curve could be approximated by forecasting unit costs of the ‘next
representative scheme’ (i.e. the AIC approach but only focusing on the first step in the
supply/demand balance program). Evidence from companies’ submissions to
OFWAT suggests that the ‘next representative scheme’ approach is sensitive to
significant unit cost disparities between different schemes in companies’ investment
schedules. Therefore, the PV methodology over a longer time horizon in the ‘average
incremental cost’ and the ‘perturbation’ approaches is to be preferred.

OFWAT does not view the LRMC estimation as a standardised calculation.
However, water companies are required make explicit their assumptions, and present
a thorough analysis that is demonstrably consistent with the company’s Water
Resource Plan. Thus OFWAT seeks to foster consistency in the approach to
estimating LRMC and in the level of analysis.

Most, although not all, companies have adopted the AIC approach. The AIC
approach relates future costs and volume growth. The AIC approach requires
consideration of the relationship between future costs and volume growth. However,
it is necessary to separate out changes in future costs that are independent of volume
growth. Water company studies of LRMC submitted to OFWAT suggest variation in
terms of cost inclusions and exclusions in the AIC approach, in particular on issues
dealing with metering’, leakage®, security of supply, and demand management.’
OFWAT (undated) has provided guidance on which costs should be included and
which costs should be excluded, to ensure standardisation of LRMC estimates. Thus,
the LRMC estimates provided by companies can be considered to be the most sound
and robust marginal cost estimates available to assess the environmental costs of
forestry with respect to water.

Table 3 shows a wide variation in LRMC depending upon company and area.
Variations in the LRMC occur as a result of varying prices per m> of water for water
abstraction, treatment, and transport and distribution, depending upon local
circumstances.

LRMC include costs of provision of additional resources that might involve a variety
of different schemes ranging from new boreholes, increased abstractions, or winter
storage mechanisms. Distribution costs are included since additional distribution

> A number of LRMC submissions do not clarify whether metering costs have been included. The
OFWAT view is that since metering influences demand, and demand reduction associated with
metering may be treated as a substitute for development of new resources and treatment facilities, then
the costs associated with metering should be included in a LRMC.

% Leakage reduction forms a significant part of many companies’ least cost investment schedules,
because it makes more treated water available to customers. Since it is therefore a direct substitute for
development of new resources and treatment works, OFWAT believes that costs associated with
reducing leakages, in present and future periods, should be reflected in companies’ LRMCs.

7 Where water companies choose demand management measures as part of their least cost supply-
demand balance program, these costs should be included in the calculation of LRMC.



costs might be involved for new sources of supply [although if such distribution costs
are not involved for the marginal loss of water due to forestry, the inclusion of
distribution costs will over-estimate the externality costs of forests]. Distribution
costs are higher in Wales and north-west England and also in south-east-England;
with a relatively low cost band running from the Bristol Channel to the Humber
(OFWAT, 2001).

Externality cost of forestry on water supply
The externality cost of forestry in terms of the increased costs of water abstraction can
thus be approximated by

WSex = Wslrmc - WSsrmc-

where WS, = external costs of water supply attributable to forestry; WSy, = long
run marginal costs of increasing water supply; WSgme = short run marginal cost
(SRMC) of increasing water supply. Treatment costs are included in LRMC, and
comprise a variety of chemicals and power. These marginal costs are subtracted in
the equation above from the LRMC since they would probably be incurred in any case
to treat water that forestry precluded.

Tables 1 and 2 provide an estimate of the externality cost of forestry on water
availability. This varies by county and is a function of the annual evaporation above
the annual Penman potential evaporation, climatic conditions, proportion of the year
the canopy is wet, the amount of forest coverage, and the LMRC-SRMC of water
abstraction.

If there was a direct one-to-one trade-off between forestry and water availability, the
external costs of forestry on water supply might be as estimated in the final column of
Tables 1 and 2. These indicate an externality cost of £52.491 million for England and
£35.357 million for Wales. Since the LRMC is defined by OFWAT (2001) as the
present value (PV) of the expected costs of the optimal supply strategy, per unit of
water, the costs in Tables 1 and 2 are capitalised costs.

The capitalised cost of the impact of forestry on water supply, estimated at £88
million for England and Wales in this report, should be seen as an upper-bound
estimate: the maximum possible cost that the current area forestry entails. This
equates to an annual externality cost of £5.3 million (at 6% discount rate). In practice
the cost of forestry in terms of water supply will be much lower.

The estimates should also be regarded as ‘ball-park’ estimates because it is not
possible to directly map LRMC estimates from water company areas direct to local
authority county areas. More than one water company can cover the same county
(e.g. in the case of Kent, Hampshire, Surrey, Sussex, Durham, etc.). Moreover, the
LRMC curves relate to companies as a whole, but LRMC are likely to vary
significantly between company areas, especially for major companies such as Dwr
Cymru that covers the whole of Wales, United Utilities which covers north-west
England, and Severn Trent which covers vast areas of the Midlands.

However, there is no evidence that there is, in general, a direct one-to-one relationship
between the reduced amount of water available for abstraction due to forestry and



additional costs of water abstraction. The water supply problem (excess demand in
relation to supply) occurs mainly in the southern and eastern counties of England.
Hence, although the effect of forestry on water quantity (because broadleaved-trees
rather than conifers are located in these areas) is likely to be lower in the drier and less
windy climate of south-east England, its impact on water abstraction costs may be
greater because of the shortage of cheap alternative water sources in these areas.

There is a difference in views between academic and government hydrologists on the
one hand, and managers and economists in water companies on the other, in their
estimate of the impact of forestry on water supply. Hydrologists point to the
theoretically large impact of forestry on water availability; whereas British water
companies perceive little impact in general of existing forestry on water supply costs
(personal communication, 2001).

Structured discussions with ecologists, economists, and managers in three water
companies (Northumbrian, Southern, and Yorkshire Water) did not reveal major
concerns about the impact of existing forestry on water availability. As one company
representative stated “The whole catchment area would have to be afforested to have
an appreciable impact on water availability”. Clearly, this circumstance does not
apply to most English reservoirs (Kielder is perhaps the major exception). Most
English reservoirs are mainly located in upland moorland areas where the there is
relatively little forestry directly impacting on the catchment. Dwarf shrubs and
heather were seen as a significant source of rainfall loss to these upland reservoirs
rather than forestry. However, companies did foresee large areas of new woodland as
potentially a major problem of water supply.

Precise estimates of the externality costs of forestry in terms of the increased cost of
water abstraction would require a forest site by forest site study of the issue. As
discussed earlier, the marginal cost of reduced surface and ground water available to
the water industry will vary with the particular schemes each individual water
company adopts to equate the marginal demand and supply of water in each of the
water resource zones in its area. Resources available to this study do not permit an
analysis at this level of detail.

The estimates in Tables 1 and 2 are based upon average LRMC. In some cases the
costs of specific schemes proposed to augment water supplies might exceed these
estimates. For example, Southern Water proposed the Hardham Artificial Recharge
Scheme (HARS), near Pulborough, West Sussex, at an estimated capital cost of £11
million, to augment water supply to its Sussex North (and to a lesser extent Sussex
Coast) resource zones (covering a population of more than 700,000) due to increasing
population and higher demand per person for water. It could be argued that the
HARS is required because of the low summer flow in the River Rother, exacerbated
through the extensive area of woodland in the Rother catchment area and over the
surrounding aquifer beds.

In the HARS, water abstracted from the aquifer in the summer would be replaced
(artificially recharged) in the winter months (November-March) with water, up to
20M1/d, abstracted from the River Rother at Pulborough. The water would, except for
chlorination, be fully treated before being pumped into the aquifer. Some injected
water would be lost, for instance to springs flowing from the aquifer; but it is thought
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that 80% of the injected water would be recoverable. The maximum additional
abstraction, above the 75 MI/d from the existing boreholes and Hardham would be
limited to 1875 M1, in any single year.

Additional operating costs would be incurred in the abstraction and treatment of river
water prior to recharge depending on the frequency of use. The net present value cost
of the additional operating costs was estimated at approximately £6 million assuming
use every year. The overall net present value cost of the HARS scheme is therefore
approximately £17 million. In practice use of HARS would be used 1 in 10 years.
This frequency of use does not affect the capital cost but the additional operating costs
would be incurred only 1 in 10 years. The net present value of the additional operating
cost is thus £0.6 million. The overall net present cost of HARS is therefore reduced to
approximately £11.6 million. Thus, it is clearly not easy to evaluate the costs per m’
of such water, but if 1875MI was abstracted only once in 10 years, then the cost of
this water would £6.19 per m’: a cost much higher then the average LRMC reported
to OFWAT by Southern Water.

Impact of forestry on water availability to other land uses
The value of the impact of forestry on land uses such as agriculture, hydro-electricity
generation, wildlife (including recreational fishing), and other recreation, is site
specific and will vary over different areas of Britain. Lack of information prevents a
detailed assessment of the impact of forestry on these sectors. For example, forests
can affect the amount of water available to hydro-electric production, especially small
run-of-river schemes that are developing under the UK non-fossil fuel electricity
production obligation and sustainable energy program. However, a detailed appraisal
of the impact of forestry on hydro-electricity production would require an assessment
of
(1) existing systems: whether larger run-of-river plants could have been installed
and the additional net electricity benefits that this would have generated,
including carbon values from reductions in fossil fuel electricity production;
(2) potential systems: whether potential hydro-electricity sites had been rendered
infeasible because of the existence of forests in the river catchment areas.
There is no information available in the public domain to undertake such an
assessment of the impact of forestry on hydro-electric production. Similar data
problems arise in assessing the impacts of forestry on water supply to agriculture,
wildlife and other recreational uses.

For some activities such as agriculture, reduced water availability due to forestry, is
likely to have little or no net cost due to Common Agricultural Policy (CAP)
subsidies.” The comments below, on the benefits lost to other land-uses (agriculture,
hydro-electricity, water based recreation, and wildlife) from forestry, present some
general views of the likely impact.

¥ Discounted at 6% over 30 years.

? CAP subsidies result in excess agricultural production, with the marginal social cost of such
production exceeding the value of the marginal production to consumers. Hence constraining forestry
to permit more water availability to agriculture will reduce social benefits.
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Agricultural benefits

Additional water available by not afforesting land may be available for irrigation in
agriculture. Irrigation is financially profitable for some farmers. However, given
over-production in cereals and in the dairy industry, together with CAP subsidies, and
tariffs at the EU frontier, the use of water for irrigation is unlikely to have a net social
benefit.

The lack of benefits in diverting water from natural ecosystem vegetation to
agriculture, even in a non-subsidised agricultural case, has been demonstrated in some
situations. Kim (1984) simulated the increase in water yield associated with a change
in land use management from no grazing to grazing in the Lucky Hills watershed of
south-eastern Arizona. Based on a review of the literature Kim (1984) assumes a 30%
increase in water yield under grazing over a simulated fifty-year rainfall cycle (based
on climatic records). Under the additional assumption that all the extra water would
be used for irrigated agriculture and employing a $10/acrefoot value for irrigation
water based on studies from the region, Kim calculates the net present value over the
fifty years to be $342 at a 7% discount rate. Unfortunately, it is not clear if this is the
watershed total or a per acre figure. Assuming the former this comes out to a little
over $3/acre for the 108-acre watershed. When Kim adds in the costs of excavating
the sediment settling ponds ($1,068) and the benefits of animal weight gain ($740),
the net present value of the returns to the land use management change are barely
positive at $14 or about ten cents an acre (Aylward, 2000).

Hydro-electricity production

A study of the effects of afforestation on hydroelectricity generation in the
Maentwrog catchment in Wales and forty-one catchments in Scotland by Barrow et a/
(1986) indicates that the increased evaporation under afforestation (in comparison
with grazing) led financially marginal sites (for forestry) to become financially sub-
marginal once hydropower losses were included into the analysis. While there was
some variation in results depending on site conditions, the example clearly shows the
negative impact on productivity associated with afforestation in a hydroelectric
watershed.

A study in Arenal, Costa Rica confirms the results obtained by Barrow et al. (1986)
by showing that water yield gains from reduced afforestation may lead to large
efficiency gains in downstream hydroelectric power production (Aylward 1998). Best
estimates for both cloud and non-cloud forest areas suggest present values in the range
of $250 to $1,100/ha. Sensitivity analysis suggests that while the upper ranges may
halve in certain circumstance, they may also rise to almost $5,000/ha if dry periods
lengthen or come early in the simulation period. Sensitivity to the distribution of the
water yield gain across dry and wet seasons is also simulated. A switching value
(where total hydrological externalities go to zero) is only obtained when all of the
water yield gain and an amount equal to 50 percent of the annual water yield gain is
redistributed to arrive during the wet season (when water is less valuable for power
generation). When the analysis of livestock productivity is incorporated into a cost-
benefit analysis of land use options, it is demonstrated that there are strong synergies
between livestock production and hydroelectric power generation in the watershed
(Aylward, Echeverria et al. 1998).
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In another study undertaken in the Magallanes National Reserve in southern Chile, the
effect of a forest thinning on hydrological variables demonstrated positive
externalities to accompany the benefits from timber production (Alvarez et al. 1996).
The thinning is hypothesized to reduce the rate at which snowmelt occurs as well as
reducing the rate of evapotranspiration. The net effect of these two changes is to
lower streamflow levels during the snowmelt season and to raise streamflow during
the subsequent dry season. The result is a lowered flood frequency and reduction in
accompanying dredging costs, as well as an increase in the water supply for water
treatment plants in the dry season. The benefits of flood control dominate the other
two benefit categories although modest water supply benefits are expected. While the
study is relatively unsophisticated it illustrates the potential for land use interventions
that are “win-win” in terms of productive and hydrological values.

In the Republic of South Africa, where water is perceived as a critical resource,
forestry has been declared a ‘stream-flow reduction’ activity in terms of the National
Water Act 1998. Pricing is seen as a critical part of water conservation and a
mechanism to account and correct for broader social and environmental costs.
Forestry has to obtain a water-use licence, and this licence is subject to (1) a charge to
facilitate catchment management activities and (2) a charge for water: a stream flow
reduction charge or water inception levy. The pricing strategy under the National
Water Act strategy may differentiate, on an equitable basis, between (i) different types
of geographic areas; (ii) different categories of water use; and (iii) different water
users. (see http://www.thewaterpage.com/south_africa.htm (01/12/01)

Scott (1998) has argued that stream flow reduction as a result of forestry is well
known and understood in South Africa.  Stream flow reduction following
afforestation is more rapid under eucalypts than under pines, but mature plantations of
both species cause mean flow reductions of 5000 cubic metres per annum per planted
hectare (500 mm / year in rainfall equivalent) where that much water is available.
However, there are uncertainties about the size of effects on drier forest sites where
mean annual precipitation is <1000mm. Nevertheless, it is estimated that 1.44 million
hectares of plantations use (reduce stream flows) by on average 1.4 billion cu.m/yr, or
3.2% of total surface run-off in South Africa, or roughly 7% of what water is
estimated as being utilizable (Scott, 1998).

In Britain no comprehensive data set exists that can be used to estimate the loss of
hydro-electricity production due to forestry. Hence, it should be assumed that there is
some opportunity cost of forestry in terms of hydro-electricity production. The exact
value of this lost production depends upon the price of oil and gas, and the value of
carbon reductions in green-house gas emissions by replacing carbon based electricity
production with renewable energy production.

Wildlife (including angling) and other recreational uses

A detailed analysis of the reduction in recreational value from lower river and stream
flows due to forestry would require a detailed site by site assessment in each
catchment area. This is beyond the scope of this study. However, the principal
wildlife and recreational loss will probably be to anglers (in terms of lost fishing
opportunities), and to the general public (in terms of general amenity value e.g. to
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walkers along river banks). For general amenity value from recreation walks, a net
value would need to be calculated, since woodland both enhances the amenity value
of walks along rivers and streams, whilst at the same time marginally reducing the
amount of water in the stream.

Data does not exist to estimate the number of sites and the number of fishing days and
walking trips affected by lower river and stream flows due to forestry. However,
some information from previous studies is available on lost utility and economic value
from reductions in river flows that can be used to provide a guide to the economic
value of these lost benefits.

A study of the value of flow alleviation in rivers in south-west England by Willis and
Garrod (1999) provides estimates for fishing and general recreational losses from
reduced flows. A contingent valuation (CV) study revealed anglers were willing to
pay £3.80 per day to improve low flow. This aggregated to a net value of £5,000 to
£32,000 per river per year, depending upon the extent of the low flow, the additional
number of fishing days, and substitution effects (proportion of additional days
transferred from other non-affected river fishing sites).

Welfare estimates to restore rivers in south-west England to an environmentally
acceptable flow regime (EAFR) for informal recreational users were around 4.7 pence
per km per household per year, from a choice experiment on 750 households in south-
west England. This estimate was confirmed in a separate iterative bidding CV study
of general recreational visitors to two of the seven flow rivers in the study.

These values were for restoring a stream or river to an EAFR from one in which
sections of the south-west England rivers were severely affected by reductions in
flows, especially during summer months. A 100% coverage of the catchment area by
forests would not reduce river flows to the extent of the rivers investigated by Willis
and Garrod (1999). Hence, these values should be regarded as the maximum extent of
possible recreational fishing and general amenity losses. More marginal reductions in
flow due to forests would result in much more marginal recreational losses. Indeed
anglers and general public visitors to rivers in forested areas may not detect any
recreational loss from slightly lower stream flows due to forestry. Hence the loss of
economic benefits to wildlife and other recreational uses, such as canoeing, from
reduced stream flow due to forestry is likely to be minimal.

Water quality impacts of forests

Background
Forests can alter water quality through

e the capture of atmospheric pollution: Conifers enhance the capture of
atmospheric acid and other pollutants (termed ‘scavenging’), thus increasing
the acidification of water in upland streams and rivers, although there is
uncertainty about the scale of the impact.
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e forest operations. These can alter drainage water pathways, causing erosion
and sedimentation down-stream; whilst pesticides can lead to contamination of
soil drainage. Once contaminated it may take decades to restore ground water
quality to a level suitable for drinking purposes (Forestry Commission, 2000).

Water quality and forest operations

Forest operations can have differential impacts on water quality over the rotation
period, over and above its base quality. Base quality depends upon soil, geology, and
alternative vegetation, and land-use. Many upland areas of Britain have acid and acid
sensitive soils, reflecting the inability of the bedrock to weather at a sufficient rate to
counteract both the acidity generated within the soils, and the impacts of acidic
atmospheric pollution.

A study by Neal and Reynolds (1988) assessed the impacts of conifer harvesting and
repla