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Abstract

This paper compares and contrasts the science and public perceptions of the role of forestsin relation
towater quantity (annual and seasonal runoff and recharge) and erosion. Itissuggested that thedisparity
between the two perceptions needs to be addressed before we are in a position to devise and develop
financing mechanisms for the conservation and protection of indigenous forests.

Examples are given of three ‘interactive’ forest hydrology research programmes: in the UK, South
Africa and Panama. Through the involvement of stakeholder groups, often with representatives
comprising boththe scienceand public perceptions, interactiveresearch programmesweredesigned not
only to derive new research findings but also to achieve better ‘ ownership’ and acceptance of research

findings by the stakeholders.

Following this approach, a new programme of research is outlined, aimed at improving our
knowledge of forest impacts on seasonal flows and which represents DFID’ s contribution to the UN

Y ear of Mountains, 2002.

Itisconcludedthat to movetowardsareconciliation of thedifferent perceptionsandto connect policy
with sciencewill requirefurther research to understand how the‘belief’ systemsunderlying thescience
and public perceptions have evolved, and better dissemination of research findings.

1. Introduction

When we draw up the ‘ balance sheet’ for forest valuation,
conventional wisdom would generally have us believe that
therearehighpositivevaluesattachedtotheir ‘ hydrological
services . Financing mechanismsdesignedto hel p conserve
and protect indigenous forests and to partly support the
costsof reforestation programmeshavetraditionally referred
to, and are often based on, this conventional wisdom.
But, this conventional wisdom — the public perception
— that forests are, in al circumstances, necessarily good
forthewater environment, that they increaserainfall, increase

*Based on the paper presented at the Tropenbos International Seminar
Forest Valuation & Innovative Financing Mechanisms for Conservation
and Sustainable Management of Tropical Forests, March 20-21, 2002.
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runoff, regulate flows, reduce erosion, reduce floods,
‘sterilize’ water supplies and improve water quality, has
|ong been questioned by thescientific community. Although
theseissues have been debated since the nineteenth century
(Saberwal, 1997), to appreciate the evolving ‘modern’
science perception the reader is referred to reviews by
Bosch and Hewlett (1982), Hamilton and King (1983),
Hamilton (1987) Bruijnzeel (1990), Calder (1992),
particularly asregardstropical forests, and the more recent
reviews, inthelight of new studies, by Calder (1999, 2000)
and Bruijnzeel (2002).

It is suggested that organisations which are developing
forest val uation and financing mechanismsshould beaware
that there is a disparity between the traditional public
perception and the science perception of therole of forests
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inrelationtowater. Thereisan urgent needto movetowards
areconciliation of these different views as these financial
mechanisms are developed and preferably before external
financing agencies are invited to contribute to these new
schemes.

This paper aimsto:

e Review and contrast the science and public perception
of the role of forests in relation to water and identify
areas where our science understanding remains weak
and where further research is required.

e Provide examples of ongoing research programmes
which are seeking to understand the role of forestry as
it affectsthe water environment and the value of forests
in relation to the value of water, in South Africa,
Grenada and Tanzania (funded by DFID), in Panama
(funded by the World Bank) and in the UK (funded by
DEFRA).

e Outline anew research initiative, which represents the
DFID contribution to the UN Y ear of Mountains 2002,
which isaimed at addressing one major “grey” areain
our knowledge of forest water interactions, that of the
“regulating” function, and, morespecifically, howforests
influence dry season flows.

2. Contrasting the science and public
perception & future research needs

This section islargely based on earlier published material
(Calder, 1998; 1999) and the paper presented at the FAO
electronic workshop on Land-Water Linkages in Rural
Watersheds, (Calder, 2000). Here just three of the ‘myths’
or “conventional wisdoms® relating to forestry and water
are reviewed as a means of investigating the disparity
betweenthe'science’ and ' public’ perceptionandtoidentify
the remaining gaps in our knowledge. The ‘ conventional
wisdoms' considered are:

1. Forestsincrease runoff
2. Forests regulate flows
3. Forests reduce erosion

1. Forests increase runoff?

A new understanding has been gained in recent years of
evaporationfromforestsin dry and wet conditionsbased on
process studies. These studies, and the vast majority of the
world’s catchment experiments, indicate decreased runoff
from areas under forests as compared with areas under
shorter crops.

Thesestudiesindicatethatinwet conditionsinterception
losseswill behigher fromforeststhan shorter cropsprimarily
because of increased atmospheric transport of water vapour
from their aerodynamically rough surfaces.

In dry (drought) conditions the studies show that
transpiration from forestsislikely to be greater because of
the generally increased rooting depth of trees as compared
with shorter crops and their consequent greater access to
soil water.

The new understanding indicates that in both very wet
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and very dry climates, evaporation from forestsislikely to
behigher thanthat from shorter crops. Conseguently runoff
will be decreased from forested areas, contrary to the
widely accepted folklore.

The few exceptions, (lending some support to the
folklore), are:

1. Cloud forests where cloud-water deposition may
exceed interception losses.

2. Very old forests. Langford (1976) showed that
following a bushfire in very old (200 years) mountain
ash, Eucalyptus regnans, forest covering 48% of the
Maroondah catchment, one of the water supply
catchments for Melbourne in Australia, runoff was
reduced by 24%. The reason for this reduction in flow
has been attributed to the increased evaporation from
thevigorousregrowth forest that had amuch higher | eaf
areaindex than the former very old ash forest.

Conclusion: Notwithstanding theexceptionsoutlined above
catchment experiments generally indicate reduced runoff
from forested areas as compared with those under shorter
vegetation (Bosch and Hewlett, 1982).

Caveat: Information on the evaporative characteristics of
different treespecies/soil typecombinationsarestill required
if evaporation estimates with an uncertainty of less than
30% are required. In both temperate and tropical climates
evaporative differences between species and soil typesare
expected to vary by about this amount.

2. Forests regulate flows - increase dry season flows?
Althoughitispossible, with only afew exceptions, to draw
general conclusionswithrespect totheimpactsof forestson
annual flow, the same cannot be claimed for theimpacts of
forestsonthe seasonal flow regime. Different, site-specific
and often competing processes, may be operating and the
direction — let alone the magnitude of the impact — may
be difficult to predict for a particular site.

From theoretical considerations it would be expected
that:

1. Increased transpiration and increased dry period
transpiration will increase soil moisture deficits and
reduce dry season flows

2. Increased infiltration under (natural) forest will lead
to higher soil water recharge and increased dry season
flows

3. For cloud forests increased cloud-water deposition
may augment dry season flows

There are also observations (Robinson et al., 1997)
which indicate that for the uplands of the UK, drainage
activities associated with plantation forestry increase dry
season flows both through the initial dewatering and in the
longer term through alterations to the hydraulics of the
drainage system.

Observationsfrom South Africaindicate that increased
dry period transpiration reduces low flows. Bosch (1979)
has demonstrated, from catchment studies at Cathedra
Peak in Natal, that pine afforestation of former grassland
not only reduces annual streamflow by 440 mm but also
reduces the dry season flow by 15mm. Van Lill and
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colleagues (1980), reporting studies at Mokobulaan in the
Transvaal, showed that afforestation of grassland with
Eucalyptus grandisreduced annual flows by 300-380 mm,
with 200—-260 mm of thereduction occurring during thewet
summer season. More recently, Scott and Smith (1997),
analysing results from five of the South African catchment
studies, concluded that percentage reductions in low (dry
season) flow as a result of afforestation were actually
greater than the reduction in annual flow. Scott and Lesch
(1997) also report that on the Mokobulaan research
catchmentsunder Eucal yptus grandisthe streamflow dried
up completely by theninthyear after planting. Theeucalypts
were clear-felled at age 16 years but perennial streamflow
did not return for another five years. They attribute this
large time lag as being due to very deep soil moisture
deficits generated by the eucalypts which require many
years of rainfall before field capacity conditions can be
established and recharge of the groundwater aquifer and
perennial flows can take place.

Bruijnzeel (1990) discusses the impacts of tropical
forestsondry season flowsand concludesthat theinfiltration
properties of the forest are critical in how the available
water i spartitioned between runoff and recharge (leading to
increased dry season flows).

Conclusions: Competing processes may result in either
increased or reduced dry season flows. Effects on dry
season flows are likely to be very site specific. It cannot be
assumed that it is generaly true that afforestation will
increase dry season flows.

Caveat: The complexity of the competing processes
affecting dry season flows indicates that detailed, site-
specific models will be required to predict impacts. In
general, theroleof vegetationindeterminingtheinfiltration
propertiesof soils, asit affectsthehydrol ogical functioning
of catchmentsthrough surface runoff generation, recharge,
high and low flows, and catchment degradation remains
poorly understood. M odelling approacheswhich areableto
take into account vegetation and soil physical properties
including the conductivity/ water content properties of the
soil, and possibly thespatial distribution of these properties,
will be required to predict these site specific impacts.

3. Forests reduce erosion?

Aswithimpactson seasonal flowstheimpactsof forestson
erosion are likely to be site specific, and again, many, and
often competing processes, are likely to be operating.

In relation to beneficial impacts conventional theory and
observations indicate that:

1. The high infiltration rate in natural, mixed forests
reduces the incidence of surface runoff and reduces
erosion transport.

2. The reduced soil water pressure and the binding
effect of tree roots enhance slope stability, which tends
to reduce erosion.

3. Onsteep slopes, forestry or agroforestry may bethe
preferred option where conventional soil conservation
techniques and bunding may be insufficient to retain
mass movement of soil.

Adverse effects, often related to forest management

Land Use and Water Resources Research 2 (2002) 2.1-2.12

activities, may result from:

1. Bad logging techniques which compact the soil and
increase surface flow.

2. Pre-plantingdrainageactivitieswhich may initiategully
formation.

3. Windthrow of trees and the weight of the tree crop
reduce slope stability, which tends to increase erosion.

4. Road construction and road traffic which can initiate
landslips, gully formation and the mobilization of
sediments.

5. Excessive grazing by farm animals which leads to soil
compaction, the remova of understorey plants and
greater erosion risk.

6. Splash induced erosion from drops falling from the
leaves of tree canopies.

The effects of catchment deforestation on erosion, and
the benefits gained by afforesting degraded and eroded
catchmentswill be very dependent on the situation and the
management methods employed.

Quoting Bruijnzeel (1990) “In situationsof high natural
sediment yield asaresult of steepterrain, highrainfall rates
andgeological factors, little, if any influencewill beexerted
by man”. Also, insituationswhereoverlandflowisnegligible
as in drier land, little advantage will be gained from
afforestation. Versfeld (1981) hasshownthat at Jonkershoek
in the Western Cape of South Africa, land cover has very
little effect on the generation of overland flow and soil
erosion. Ontheother hand, in moreintermediate conditions
of relatively low natural rates of erosion and under more
stable geological conditions, man-induced effects may be
considerable. In these situations catchment degradation
may well be hastened by deforestation so that, conversely,
there may be opportunities for reversing degradation by
well-managed afforestation programmes.

Even in these situations, afforestation should not be
seen as a quick panacea. In heavily degraded catchments,
such as those on the slopes of the Himalayas, so much
eroded material will have been mobilised already that, even
if all theman-induced erosion could bestoppedimmediately,
it would be many decadesbeforetherewasany reductionin
the amount of material carried by the rivers.(Pearce, 1986;
Hamilton, 1987). The choice of tree species will also be
important in any programme designed to reduce erosion
and catchment degradation.

Recent theoreti cal devel opmentsand observations (Hall
and Calder, 1993; Calder 1999) confirm that drop size
modification by the vegetation canopies of trees can be a
major factor leading to enhanced splash induced erosion.
These observationsindicatethat the degree of modification
is species related, with tree species with larger leaves
generally generating thelargest drop sizes. Theuseof large
|eavedtreespeciessuchasteak (Tectonagrandis)inerosion
control programmes would therefore be ill advised,
especially if thereisany possibility of understorey removal
taking place.

Conclusions: Itwould beexpected that competing processes
might result in either increased or reduced erosion from
disturbed forestsand forest plantations. The effect islikely
to be both site- and species-specific. For certain species,
e.g. Tectona grandis, forest plantations may cause severe
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erosion. It is acommon fallacy that plantation forests can
necessarily achieve the same erosion benefits as natural
forests. Smyle (2000, Pers. comm.) has suggested that the
erosion rates in undisturbed natural forest might be
consideredtorepresenta’ natural baseline' or * background’
erosion rate against which the erosion rates from all other
land uses could be compared. Theuse of suchanindex may
well be of value in land use management and the design of
realistic erosion control programmes.

Caveat: Although conventional erosion modelling methods
such asthe Universal Soil LossEquation (U.S. Department
of Agricultural Research Service, 1961) provideapractical
solution to many problems associated with soil loss from
agricultural lands, they may not beadequatefor theprediction
of erosion resulting from afforestation activities. Process
understanding of the erosive potential of dropsfalling from
different tree speciesisnot adequately appreciated and soil
conservation techniques related to vegetation type, soils
and slope characteristicshavenot yet been devel oped fully.

3. Examples of ongoing ‘interactive’
research on the role of forests and water

Threeexamplesare given of ongoing ‘interactive’ research
in the UK, South Africa and Panamawhich are addressing
guestions of policy related to land use change involving
forestry and the water environment. Interactive, in this
context, impliesthat the eventual users, or stakeholders, of
the research interact closely with the researchers. This
should bein both the design stage, by helping to define the
objectivesof theresearch and by ensuring that the necessary
resources are mobilised, and also in the implementation
phase by monitoring and steering the research programme.
Experience of using this model for the management of
applied environmental and hydrological research
programmes has shown that it has a number of benefits:

e Theusers, through closeinvolvement with all phases of
the research, assume “ownership” of the programme
and are more likely to both “believein” and “ take up”
eventual research findings.

e Best use is made of existing knowledge and data
resources by building on the collective resources of all
the stakeholders.

e The interaction between “users’ and “researchers’
through stakehol der group meetings not only facilitates
linkages and information flows between the users and
researchersbut alsofacilitateslinkagesandinformation
flows between the users themselves. Thisin itself has
often been seen asan important output of theinteractive
research programme. Increasingly it isbeing recogni sed
that successful I ntegrated Land Useand Water Resources
Management requires not only asound science base but
also the understanding, commitment and collaboration
between the different organisations responsible for and
impacted by Integrated Management.

e The formation of a representative stakeholder group
with a diversity of interests and perspectives is more
likely to achievetheultimate goal of integrated land use
and water resources management by ensuring that all
aspectsof development affecting water resources, basin
economics, ecol ogy/conservation, socio-economicsand
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the sustainable livelihoods of basin inhabitants are

considered and represented.

It is also believed that if stakeholder groups can be
formed with representatives of both science and public
perceptions, this may — through a process of ‘action
learning— provide ameans of reconciling disparate views.

The policy issues that the interactive research
programmes are addressing in the UK, South Africa and
Panamaare similar in each of the countries. They relateto
how we can best manage forest lands to meet competing
demands, particularly demandsfor production (e.g. timber
and water), conservation, amenity and recreation (CARE)
productsor for supporting peopl€’ slivelihoods. Underlying
these policy issues is the value we attach to forests and
water products and their impacts on society. Commercial
forestry has often been promoted by development
organisations because of its perceived environmental
benefits. Y et science-based research has shown that many
of theexpected environmental benefits (which may insome
cases be provided by natural forests) cannot be achieved
through commercial plantations. Increasingly, we are
becoming aware of the environmental dangers, rather than
benefits, that have been caused by these plantations. Not
only is there usually a high cost in terms of lost water
associated with fast growing commercial plantationsbut, as
has been recognised by the government of South Africa,
there may also be dangers associated with ‘escaping’
plantation trees.

The three examples given below indicate the need to
improve our understanding of the bio-physical linkages
between forests and the water environment, particularly in
relation to the impacts on annual flow and rechargein the
UK and — for the Panama example— therole of forestsin
relation to dry season flows. In the South African example
theissueismorein relation to the socio-economic aspects:
assuming aknowledge of the bio-physical forest and water
interactions the question is how can we arrive at forest and
water policy instrumentswhich best providewater resource,
economicand livelihood outcomes. Alternatively, wecould
view this as: “how can we match resource-based
devel opment objectiveswith more people-focused, poverty
alleviation objectives?’

Thesethreeexamplesal soillustratedifferent degreesof
‘connectivity’ between scienceand policy. Forestry interests
intheUK havetraditionally been slow to accept hydrol ogical
research findings which show negative impacts due to
forestry. The typical response from the forestry sector has
been of delaying tactics: to claim the case has not been
proved and to call for more research. South Africa
demonstratesthe greatest * connectivity’ and hasforest and
water policy and programmes such as the Working for
Water Programmewhich arebased on hydrological research
findings. Panamanian policy was based on ‘old paradigm’
beliefs in relation to forests and water but may now be
undergoing a transition.

Lowland forests and water resources in the UK

TheUK Government’ s1995 White Paper on Rural England
included a proposal, mainly on conservation and amenity
grounds, to double the area of woodland cover within
England by the year 2045. This proposal was made at the
same time that the UK was experiencing the driest and
warmest summer onrecord, conditionsthat |edtowidespread
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water supply shortagesand costly drought relief operations
in some regions. Climate change scenarios suggest that
such droughts could become much more frequent over the
next 50-100 years. Questions were later raised (House of
Commons Environment Committee, 1996) concerning the
possible impacts on UK water resources and the water
environment of the combined effects of climate change and
such alarge expansion in woodland.

Although the water quantity impacts of upland
afforestationin UK had been broadly understood by thelate
seventies(seee.g. Calder, 1979; Calder and Newson, 1979)
it remains difficult to predict accurately the water quantity
impacts of UK lowland afforestation (Calder et al., 1997,
Calder, 1999) even under the present climate, for two main
reasons:

1. Inthelowlands of the UK, water use by transpiration
generally exceedsthat by interception. Tree physiology
exertsastrong control over transpirationrates, depending
on interactions between atmospheric demand and
available soil water. Since this can result in lower or
higher transpiration losseswhen compared with shorter
crops, predicting evaporation differences, even under
present climatic conditions, becomes very uncertain.

2. Priortotheexecution of current studies, information on
theevaporativelossesfor different tree speciesgrowing
on contrasting soil typesin lowland Britain waslimited
or non-existent. Virtually no information was available
on the evaporative characteristics of woodland growing
on drought-prone soilsoverlying sandstone geology or,
for that matter, on derelict soils, yet it was expected that
much of the new planting would take place in the
Midlands of England on just these soil types.
Consequently, it was not possible to determine the
direction of the impact let alone the magnitude.

Recognising these difficulties, the Department of the
Environment, Transport and the Regions (DETR)
commissioned a scoping study to investigate the possible
range of water resource impacts associated with woodland
on chalk and sandstone. A part of this study, which is
reviewed here, involved running the HYLUC97, GIS
based evaporation model, with trial model parameters
derived from earlier work (Calder et al., 1997, 1999), at the
Greenwood Community Forest site in the Midlands of the
UK.

Scoping study application of the HYLUC model:
Greenwood Community Forest in the English
Midlands

Toinvestigate the range of possibleimpactsresulting from
broadleaf woodland expansion in the Greenwood
Community Forest, the HY LUC model was applied using
parameter values derived from an earlier modelling study
and field studies over chalk, but amended to take into
account expected differencesin soil water availability within
the sand and clay-loam soils of the Midlands.

Thestudy sitewasthe Greenwood Community Forestin
Nottinghamshire. Nottinghamshire County Council supplied
information on land use, soil type and geology as Gl Sfiles
(Figure 1). Application of theHY LUC model then allowed
the calculation of the range of impacts (Calder et al., 1997,
1999).
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Figure 1  Forest covers within the Greenwood Community
Forest. The light blue area represents the sandstone
aquifer overlain by sandy soils, while the rest of the

area is classified as clay-loam.

The model predictions of seasonal evaporation are
shown in Figure 2. These indicate that, in the long term,
annual evaporation from broadleaf woodland on sand soil
is 93 mm higher than that from grassland and, therefore,
afforestation would reducetheaveragerechargeplusrunoff
by 51%. For broadleaf woodland expansion on clay-loam
soil, the predicted reduction in recharge plus runoff would
be 62%. The calculated cumulative recharge plus runoff
from the Greenwood Community Forest isshownin Figure
3, assuming the present forest cover. Also shown is the
calculated cumulativerecharge plusrunoff for the proposed
three-fold increase in woodland cover, assuming that the
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Figure 2 Predicted cumulative evaporation for different land
uses within the Greenwood Community Forest.
Average annual evaporation: Grass/sand, 460;
Conifer/sand, 571; Broadleaf/sand, 553; Mixed/
sand, 554; Grass/loam, 486;Conifer/loam, 603;
Broadleaf/loam, 594; Mixed/loam, 594 mm. Average

annual rain: 628 mm.
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Figure 3  Calculated recharge plus runoff for the whole
Greenwood Community Forest for the period
1969-1993 with the existing forest cover and with

a threefold increase in forest cover.

increase is in proportion to the present distribution of
forestry on the different soil types. Over the 24 year period
from 1969 to 1993, the cal cul ated average annual reduction
in recharge plus runoff resulting from athree-fold increase
in woodland cover within the Greenwood Community
Forest from 9% to 27%, would be 14 mm (11%).

A stakeholder groupwasthenformed comprisingforest,
water andlandinterests: membersof theresearchteamfrom
two UK universities and the UK Forestry Commission and
thefunding body (then the Department of the Environment,
morerecently the Department of the Environment Transport
andtheRegionsand now the Department of theEnvironment
Food and Rural Affairs), the Environment Agency, the
local County Council andwater company and anagricultural
extension agency. Under the direction of the stakeholder
group, field studies were initiated in February 1998, at
Clipstone Forest, part of the new Sherwood Forest, in the
Midlands of the UK to test and refine the scoping study
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model predictions. Preliminary results from these studies
indicate that the initial predictions of evaporation and
recharge for broadleaf forest was broadly correct. For pine
forest it appears now that the scoping study predictions
were underestimating the impacts on recharge of
afforestation with this forest type by predicting recharge
rates 26% greater than is now believed to be the case. The
field studies are now indicating annual recharge rates of
only 30 mm per annum, lessthan aquarter of that expected
under grass vegetation, a situation where for an average
rainfall year no recharge will occur; recharge will only
occur in much higher than average years.

Further expansion of lowland forest in the UK for
conservation and amenity purposes needsto be considered
inrelationtothevery significantimpactsonwater resources
that thiswill entail.

CAtchment Management and Poverty alleviation
(CAMP)

The government of South Africa has recognised that not
only is there usually a high cost in terms of lost water
associated with fast growing commercia plantations but
that there may also be dangers associated with * escaping’
plantation trees. The South African Government, in the
February 2000 budget, awarded a further R1,000,000,000
(over five years) to the Working for Water Programme
(DWAF, 1996) for the purposes of controlling and
eradicating alien invading tree species. The expectation is
that without this programme the invaders would eliminate
indigenous plant species and seriously reduce water
resources. The programme also has a major poverty
aleviation component, through specifically targeting the
poorest in society for employment.

The Programme highlights a number of issues relating to
forest and water management, issues that are probably not
specific to South Africa. These include how to devise and
implement forest and water policy instruments which will
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South Africa.
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Policy instruments

* Stream Flow Reduction Activity
(SFRA)

* Working for Water -
alien species

Figure 5
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\ Policy outcomes

Impact evaluation of policy
instruments

* Model impacts?

* Common currency?

* Livelihood outcomes?

The CAMP project will investigate how two forest and water related policy

instruments, the Working for Water Programme and the charging of
landowners for Stream Flow Reduction Activities (SFRAs), will affect water
resources, catchment scale economics and livelihoods.

meet the requirements of Integrated Water Resources
Management (water resource, basin economics and
conservation) whilst also meeting the demands of major
international and donor organisations (e.g. World Bank and
DFID). The policies should have an equity dimension and
support and enhance (particularly the poorest) people's
livelihoods. These questionsare being addressed withinthe
CAtchment Management and Poverty aleviation (CAMP)
project that issupported by DFID in South Africa, Tanzania
and Grenada. Under the direction of a stakeholder group
comprising forest, water and poverty interests, members
fromboth UK and RSA Universitiesandresearchinstitutes,
the South African Department for Water Affairs and
Forestry, the Working for Water Programme and an NGO,
the focus of the study was chosen to be the Luvuvhu
catchment in the Northern Province of South Africa.

The Luvuvhu catchment demonstrates the acute
problems posed for water and land use management rel ated
to forestry activities. There is potential for a considerable
increase in the area of commercial forestry, it is presently
affected by alien invader tree species, it is water short and
it has high levels of poverty.

The CAMP project isfocusing on two forest and water
related policy instrumentswhicharecurrently beingapplied
in South Africa, the Working for Water Programme and the
charging of landowners for Stream Flow Reduction
Activities (SFRAS). Commercia forestry and sugar cane
arerecognised as SFRAs. The CAMP project isattempting
to model theimpact of thesetwo policy instruments within
the Luvuvhu catchment as they affect not only water
resources and catchment scale economics but also the
livelihoods of the poorest in society.
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Forests, water and the Panama Canal

The continued functioning of the Panama Canal isacentral
concern of the Government of Panama. The ownership of
the Panama Canal was transferred from the government of
the USA to the Government of Panama at the beginning of
the new Millennium. During the period leading up to the
change of ownership, major changeswereal so taking place
inrelationtotheinstitutional understanding of land useand
water resource issues which are now leading to a
reconsideration of government policies with respect to the
management of the canal basin.

WithUSAID support, aRegional Plan (Intercarib/Nathan
Associates, 1996) had been produced earlier which
advocated a large-scale reforestation (104 000 ha) of the
lands in the Panama Canal Watershed which were under

Figure 6

The Bridge of the Americas crossing the Panama
Canal
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Figure 7 Existing land use in the Panama Canal Watershed

agricultural (primarily livestock production) use. Thereport
was based on the perceived wisdom that the reforestation
programme would have a positive impact on water quality
and quantity and erosion, and necessarily increase annual
and dry season flows. The proposals in the report were
enshrinedinPanamanianLaw 21,in 1997. The Government
of Panamalater requested the World Bank to assist themin
designing aproject to help carry out their responsibilitiesin
the basin under Law 21.

80000

As part of the preparatory phase of the project design,
the World Bank commissioned various consultancies and
scoping studies to investigate the current land use in the
catchment, together with the hydrological and economic
impacts of the proposed changein land use.

Under theguidance and direction of astakeholder group
with canal, water, hydropower, land and forestry interests
and comprisingmembersfromthePanamaCanal Authority,
the Ministry of Agriculture, the World Bank, companies
dealing with forestry, hydropower and water, NGOs and
local Universities, the Centre for Land Use and Water
Resources Research at Newcastle University (Calder et al.
2001) carried out the scoping study into the hydrological
impacts of the proposed land use change on the Panama
Canal Catchments. The study involved theuseof HYLUC,
the spatially distributed, evaporation model used for the
Sherwood forest study in the UK. This model has been
shown to be applicable in both temperate and tropical
climates of theworld (Calder, 1999) and for Panamait was
applied using local information on land use (see Figure 7)
and previously published ‘default’ forest and non-forest
model parameter values (Calder, 1999). The model was
able to describe the recorded (cumulative) flow regime
under both three of themajor sub-catchmentsof the Panama
Canal Watershed and three of the experimental catchments
operated by the Smithsonian Tropical Research Institute,
withinanerror (~10%) whichwasessentially commensurate
with the experimental error of the observations. Theresults
in terms of cumulative flow for two of the catchments,
(extremeintermsof forest cover, thefully forested Chagres
and the partially forested Trinidad) are shown in Figures 8
and 9. The predicted reduction in runoff on conversion of
full pastureto full forest (cal culated as cumulative run-off
under forest cover lesscumul ativerun-off under pasture, as
apercentage of run-off under pasture) ranged from 18% for
the Chagres catchment (3420 mm annual rainfall) to 29%
for thedrier Trinidad catchment (2222 mm annual rainfall).
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Figure 8 Rio Trinidad, measured rainfall and runoff together with runoff predicted by the HYLUC model

for the actual land use (21% forest) and for scenarios of full forest and full pasture cover.
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Date

Rio Chagres catchment, measured rainfall and runoff together with runoff predicted by the HYLUC

model for the actual land use (99% forest) and for scenarios of full forest and full pasture cover.

Aninitial analysis of the hydrological data, carried out
during the scoping study, without accessto stage discharge
calibrations in low flow conditions and without full
knowledge of when changes in catchment land use had
occurred, was not ableto provide evidencefor asignificant
linkage, either positive or negative, between land use and
thelow flow response. A moredetailed analysis, linked also
toinverse hydrological modelling comparing observed and
predicted seasona flows, might be able to establish a
significant correlation.

However, the study, rather than supporting the
conventional wisdom that afforestation would increase
flowsto the canal reservoirs and thus enhance the capacity
of the Canal, indicates that annual flowswould be reduced
and — if there is no significant enhancement of low flows
resulting from afforestation — the capacity of the Canal
will bereduced by ~10%. Aylward (2002) in reviewing the
hydrological and socio-economicissuesrelatingtothelL aw
21 proposals for the Panama Canal in the programme
Sustainable Management of the Rural Areasinthe Panama
Canal Watershed, concludes that “further analysis of the
low flow issueis therefore essential”.

The scoping study also suggested that expected benefits
of an afforestation programme in terms of erosion control
areasounlikely to beachieved. To date, virtually al of the
commercial planting within the catchment iswith teak and
herbicidesaregenerally appliedto reducecompetitionfrom
understorey weeds. In relation to the discussion above
concerning the science and public perceptions, the science
perception would indicate that thisisasituation which may
lead not only to very much increased rates of soil erosion as
compared with the generally pastoral land usethat it would
usually replace, but alsoto apossible deterioration in water
quality.

Land Use and Water Resources Research 2 (2002) 2.1-2.12

4. New DFID research initative into the
effects of dry season flows

Although it is now recognised that on an annual basis
forestswill generally evaporate more water than other land
uses and will therefore reduce annual runoff in rivers or
recharge to aquifers, the position with regard to the effects
ondry season or summer flowsisfar lessclear. Asdiscussed
above, itisconceivabl ethat competing processesassociated
with forests could result in increased dry season flows.

Two examples of situationswhereit isthought that this
might berealised are high altitude cloud forests, which tend
to occur inisland or coastal regions, and at the other end of
the altitudinal extreme, in semi arid regions with
impermeable, often lateritic soils.

In cloud forest locationsit is believed that the principal
‘competing process at work is the enhanced deposition of
cloud water to the aerodynamically rough surface of forest
ascompared with therelatively smoother surface of shorter
vegetation. It is known that the enhanced aerodynamic
roughness aboveforestscanlead toincreased ‘mixing’ and
enhanced turbulent transfer of both heat and water vapour
between the atmosphere and the evaporating surface such
that inwet conditionsevaporation rates of water retained on
tree canopiescan beasmuch asten timesthose from shorter
vegetation. In cloud conditions, when cloud is passing
aboveor throughforest, thesameenhancedturbulent transfer
process will act in an opposite sense by increasing the
transfer rates of cloud water deposition towards the forest
canopy. Whereas evaporation rates of intercepted water
from forest may be as much as ten times those from short
vegetation, wemight expect deposition ratesof cloud water
toforestto beasmuch asten timesthoseto short vegetation.
When cloud conditions occur in the dry season it is quite
feasiblethat cloud water deposition can represent anet gain
of precipitation to forestswhich could lead to increased dry
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season flows. If, on an annual basis, the total cloud water
deposition exceeds the total interception lossit is possible
that,in someextremesituations, cloudforestsmay generate,
even in the long term, greater runoff than catchments with
short vegetation.

The significance and magnitude of cloud water
deposition asahydrological process, the geographic extent
over whichitcanoccur andthepossible‘ feedback’ between
forest and cloud base height are the subject of current
research (Bruijnzeel et al., 1993; Bruijnzeel and Proctor,
1995; Gunawardenaet al. 1998; Bruijnzeel and Veneklaas,
1998; Bruijnzeel and Hamilton, 2000; Bruijnzeel, 2001).
For semi-arid regions, the ‘ competing process' may bethe
increasedinfiltration ratethat wemight expect under natural
forest, or in some circumstances plantation forest, which
allowswater toinfiltrateintoforest soilsat rateshigher than
thoseinto soilsunder other vegetation types. Particularly in
semi-arid regions, it is believed that non-forest conditions
may |ead to theformation of impermeabl e, possibly lateritic
soils. Inthese situationsit is conceivabl e that the increased
rate of infiltration under forest may outweigh the higher
evaporation rate, leading to increased soil water recharge
which may, inturn, lead to increased dry season flows. An
improved understanding of the ways in which natural and
plantation forests affect the infiltration properties of soils
with different site conditions is crucial in resolving the
forest and low flowsissue. Collaboration is sought, both to
help devise improved methods for assessing infiltration
rates under forest soils and to take these measurements
under a wide range of forest and non-forest conditions
around theworld. Of particular value will be studieswhich
monitor conditionsthrough aland usechangeand especially
so for studies which monitor conditions through aland use
change which is then reinstated (Waterloo et al., 1999).

In less extreme conditions the body of evidence would
suggest that the reduction in dry season flows would be
roughly in proportion to the expected reduction in annual
flows, as has been observed from the detailed and
comprehensive catchment studies carried out in South
Africa

Clearly it is important to establish an improved
understanding of the conditions under which we might
expect these dry season flow enhancements and the
magnitude of the effect. Not only will thisbeimportant in
relationto questionsof catchment management and financial
upstream/downstream compensation mechanisms, it will
also be an important factor in affecting the livelihoods of
communities dependent on the availability of reliable
supplies of water throughout the dry season.

A new research initiative, which represents the DFID
contribution to the UN Year of Mountains 2002, funded
under DFID’s forestry research programme, is aimed at
addressingthismajor ‘ grey’ areain our knowledgeof forest
water interactions, that of the ‘regulating’ function and,
more specifically, how forestsinfluence dry season flows.
Recognising that theseinfluences arelikely to be both site-
and tree-species specific, research isbeing carried out on a
notional altitudinal gradient across the extremes of cloud
forestin CostaRicato the semi arid zones of lowland India.
Thehydrological researchin CostaRicaishbeing led by the
Free University, Amsterdam, in collaboration with other
partnersin CostaRicaand Europe. Thesocio-economic and
‘livelihoods’ benefits of dry season flows to downstream
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communities and the economic value of dry season flows
for other economic uses in Costa Rica are being assessed
under alinked programmebeing devised by Bruce Aylward
(Aylward Consultants). The overall co-ordination of the
programmeisbeing carried out by the Centre For Land Use
and Water Resources Research (CLUWRR) at Newcastle
University.

Althoughthecurrentfocusisdirected on Central America
and India, collaborating partners are being sought from
DFID partner countries to extend the scope of thiswork to
other regions where catchment management programmes
involving forestry haveraised similar concernsabout water
resource and livelihood impacts.

5. Conclusions

It is concluded that organisations which are developing
forest val uation and financing mechanismsshould beaware
that there is a disparity between the traditional public
perception and the science perception of therole of forests
in relation to water. There is a need to move towards a
reconciliation of these different views which will require
further efforts directed not only towards the scientific
research but al soto ensuring that theseresearch findingsare
better disseminated and ‘ connected’ to policy and decision-
making on land use planning and forests. ‘Interactive
research and theinvolvement of stakeholder groupsisseen
as one way of reconciling disparate views but for this
approach to work it requires the necessary goodwill and
political will onbehalf of the stakeholders. Experience has
shown that the stakehol der groupshave, to date, functioned
well in the UK with high attendance and commitment at
meetings and a general acceptance of research findings. In
Panama, local meetings of the stakeholder groups were
very well attended but government clearancehas, asyet, not
been obtained to allow representatives of the group to
attend aplanned overseasworkshop. For the RSA research,
thegroup at present mostly comprisesrepresentativesfrom
the project team organisationsbut it isplanned to widen the
scopeof thisgroup. Another approachtoresolving disparate
views is to research the organisational ‘belief’ systemsto
understand how the‘ public’ and‘ science’ perceptionshave
developed and evolved.

Major challenges and questions remain. How can we
match resource and conservation-based development
objectives with more people-focused, poverty alleviation
objectives?|sitacceptabletousethe’ useful myth’ concept:
that, in the public perception, forests are till regarded as
good for water resources, as a means of ‘protecting’
indigenous forests? How valid is contingent valuation of
forests and catchment services if the valuation is based on
beliefs that we now regard as myths? Whilst progress is
being madein connecting the scienceand public perceptions
of how forests affect the functioning of the water
environment, do we need now to focus on how to value
better these different functions, particularly asthese values
may differ markedly between reservoired and non-
reservoired catchments? When welook towards forestsfor
their carbon sequestration benefits in preventing further
global warming, should we not also be considering these
benefitsinrelationto morelocal water resourcedisbenefits?
These are some of the questions that still need to be
resolved.
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