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The EPIC FORCE project aimed to develop science-based policy recommendations for
integrated forest and water resources management, relevant to extreme events for
Costa Rica, Ecuador, Chile and Argentina. Data analysis and model application
support the hypothesis that, as the size of the flood peak increases, the effect of forest
cover becomes less important. Guidelines for integrated water and forest resources
management are developed which recognize this effect but emphasize the role that
forests play in reducing the flood levels of more moderate events. The research findings are
transferred to policy-making for the four focus countries via a set of policy briefs,
taking into account the institutional frameworks, achievable policy objectives and key
stakeholders.

Keywords: floods; forests, Latin America; policy; river catchments

Introduction

Deforestation and logging are regularly blamed by the public and the media for exacerbating
the disastrous effects of floods generated by extreme rainfall, such as hurricanes.
Consequently large sums of money are invested by governments and development agencies
in foresting headwater areas of river catchments and land use controls are imposed on the
(typically poor) populations living in these areas (CIFOR and FAO 2005, Calder 2005,
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Calder and Aylward 2006). However, the impact of forest management on catchment
response for extreme rainfall events is an area in which there is considerable scientific
uncertainty as well as poorly conceived policy (e.g. Beschta et al. 2000, Brath et al. 2006,
Lépez-Moreno et al. 2006, Bradshaw et al. 2007). The EPIC FORCE project (Evidence-
based Policy for Integrated Control of Forested River Catchments in Extreme Rainfall and
Snowmelt), funded by the European Commission and focused on Latin America, therefore
aimed to develop policy recommendations for the integrated management of forest and
water resources, based on improvements in understanding the effects of land use on catch-
ment response for extreme rainfall and snowmelt events and the creation of a framework
within which to develop management strategies. Following DeWalle (2003), the results
were intended to serve as a guide to the practice of forest management at a national scale
and to help reshape the attitudes of the general public regarding forests and floods.

This paper first establishes the contribution of the project in integrating the objective
scientific study of the hydrological impacts of forests with the empirically derived best
practices for forest and water management as a basis for policy-making. It then describes
the project methodology and focus areas, proposes a definition for an extreme event and
summarizes the results concerning forest impacts, the development of improved strategies
for integrated water and forest resource management and the development of evidence-
based policies.

Context for integrated water and forest resource management

A number of public misperceptions have accumulated over the hydrological role of forests
(Calder 2005). However, they are poorly, or at best partially, supported by the available
hydrological evidence. Thus, recent research suggests that, while forests may be helpful in
moderating floods for small events, this effect is increasingly reduced as rainfall amounts
increase (e.g. Beschta et al. 2000, Lopez-Moreno et al. 2006). Scientific hydrology
therefore has a clear role to play in critically examining and either disproving these mis-
perceptions or establishing their exact veracity. The resulting improved understanding
then contributes to the development of evidence-based policies for the integrated manage-
ment of water and forest resources.

Nevertheless, the scientific study of water and forest interactions is still limited in its
ability to consider the full complexity of conditions in which water and forest manage-
ment is practised in reality. Even among paired catchment studies, which represent
relatively ideal conditions such as uniform vegetation and small areas, there is consider-
able variation in the measured response to changes in forest cover. The response to the
change of cover (i.e. forest biomass) has also to be distinguished from the response to the
practices used in implementing the change, such as logging technique and road building
(e.g. La Marche and Lettenmair 2001, DeWalle 2003). The response may be expected to
vary still further with heterogeneity of land use and management techniques, attenuation
at large scales, altitudinal dependencies, forest age, soil properties and other characteris-
tics. Nevertheless, there has been a continuing need to develop strategies for catchment
management and, as a result, a strong basis of empirically derived knowledge has been
created. This is especially rooted in over a century of experience of successes and failures
in catchment restoration in Europe (e.g. Andréassian 2004, Mintegui and Robredo 2008),
aimed at countering the adverse impacts of both natural (extreme) events and human
activities (e.g. poorly conceived land use changes) on catchment response. The approach
is known as water and forest management and restoration, recognizing that catchment
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responses and impacts depend on both stream channel and hillslope characteristics and
conditions.

Policy-makers require a basis for policy formulation which is both reliable and suffi-
ciently flexible to incorporate the variability not only of the present but of an increasingly
uncertain future. Neither of the above two approaches provides a sufficient basis on its
own. Research-based forest hydrology introduces a potential for prediction but may not
represent the full complexity of actual conditions and is therefore a restricted guide.
Historical experience provides a basis for best practice but does not necessarily take
scientific understanding into account and, because it is empirical, may not provide a sound
basis for management in a changing future (for example, with climate change) or a different
environment (e.g. outside Europe). One way forward is therefore to combine the under-
standing of both. However, this combined approach needs to be tested in an environment
different from that providing the historical experience, so as to investigate its transferabil-
ity and the possibilities for its systematic application. The contribution of the EPIC
FORCE project is then the integration of an improved understanding of the effects of land
use on catchment response for extreme rainfall and snowmelt with historically derived
management principles; this provides a framework within which to develop catchment
management strategies and so to propose evidence-based policy recommendations for the
integrated management of water and forest resources. The applicability of this approach is
tested in the Latin American environment, which differs from the European environment
in such terms as biophysical characteristics, data availability, institutional structures and
policy needs.

The EPIC FORCE project
To achieve its aims, the project had three major objectives:

(1) To examine the hypothesis that, as the size of the flood peak increases, the effect
of forest cover becomes less important; this was addressed through a combination
of model application and analysis of data from focus areas in the Latin American
countries;

(2) To develop improved strategies for integrated forest and water management relevant
to extreme events, including the management of large woody debris, such as logs,
within river channels; this was addressed by combining the results of the land use
impact study with the understanding of current management practice and of best
international practice, in a context of targeted field surveys;

(3) To develop evidence-based policy recommendations for national and international
agencies, by proposing improvements to the basis of existing national policies in
the focus countries in the light of the impact and management studies.

The focus areas were in Costa Rica, Ecuador, Chile and Argentina. They represent both
tropical and temperate rainforests and are subjected to extremes of rainfall from
hurricanes, El Nifio events and mid-latitude depressions and, in the case of Argentina, to
snowmelt. In addition these countries suffer major problems of flooding and erosion, are
characterized by rapid forest conversion or extensive forestry activities and suffer from a
lack of integrated and consistent water and forest management policies.

Full details of the results achieved for each of the above objectives are given on the
project website (http://www.ceg.ncl.ac.uk/epicforce) and are to be published elsewhere:
this paper can provide only an overview.
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Extreme events

In order to place extreme rainfall in context, a conceptual model was developed for defin-
ing the different scales of flood events and assessing the associated requirement for man-
agement strategies for prevention and mitigation of damage.

The traditional definition of an extreme event, as one that occurs infrequently, i.e. with a
long recurrence interval, is not entirely suitable for hurricanes, which are certainly extreme
events but which may affect a site relatively frequently. Relatively low magnitude events,
with short recurrence intervals, can also cause significant damage, especially in areas of poor
land management. An extreme event is therefore defined here as one that causes damage
over a certain acceptable level. The occurrence of a damaging event depends on both
the generating process (i.e. the precipitation characteristics) and the catchment response.
The greater the rainfall intensity and spatial occurrence and the rarer the rainfall event, the
greater is likely to be the impact in terms of, for example, floods and landslides. The
catchment response depends on its various characteristics, some of which are relatively
little affected by human activities (e.g. geology and topography), others of which can be
strongly affected (e.g. vegetation cover, land use and river channel morphology). While
human activities often worsen the flood impact, they can also be directed to lessening the
damage, for example through tree cover to reduce soil erosion. Plotting a precipitation
index (involving intensity, spatial distribution and frequency distribution) against
catchment characteristics (including human interventions as well as natural conditions)
enables different levels of events to be defined (Figure 1). Suggested definitions are given
in Table 1. Categorization of an event is useful for the development of different policies
and management strategies to avoid or minimize the associated damage. Figure 1 also
shows how human interventions (represented by a change in catchment characteristics)
can affect the potential for different levels of event. The dashed curves represent a catch-
ment with poor land management while the solid curves show the result of well-planned
management.

Impact of land use on peak discharge for extreme events

Data analysis was carried out to quantify directly the impact of forest cover on catchment
response to extreme rainfall or snowmelt for each of the focus areas. Model applications

TYPES OF EVENT

PRECIPITATION Catastrophes
INDEX
(Intensity, | Disasters
duration, spatial -
distribution) _ -
Minor
- Events
CATCHMENT CONDITIONS

(Vegetation cover, soil depth and moisture
content, human interventions)

Figure 1. Plot of precipitation index against catchment response for defining different scales of
event.
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Proposed definitions of event scale and associated policy and management strategies.

Event category

Definition

Policy/management strategies

Precipitation index implies impacts

independent of catchment features. Large
changes in river morphology, regional
geomorphological impact (e.g. extensive
landsliding), extensive damage to main
infrastructure and urban areas in the
floodplain

Precipitation index implies impacts where

vegetation cover is below a critical level,
depending also on catchment physical
features. Water and sediment movements
outside the floodplain, erosion and
sedimentation outside the river channel,
damage to bridges and roads outside the
floodplain, local changes to
geomorphology (landslides)

Moderate precipitation index implies

impacts depending on vegetation cover
and predisposition of catchment to slope
failures. Frequent events (recurrence
interval two years), water and sediment
movements within the flood plain, erosion
and sedimentation within the river

Emergency response, warning
systems, vulnerability
assessment, policies on
infrastructure development and
land use in danger areas (e.g.
from EPIC FORCE project)

Land use policies, improvement of
adaptation and resilience
measures, vulnerability
assessment, management
strategies for critical catchment
areas (e.g. from EPIC FORCE
project)

Land use regulation, integrated
catchment management (to
maintain effective vegetation
cover), channel engineering,
specific management strategies
(e.g. from EPIC FORCE
project)

channel, damage to infrastructure within
the floodplain, movement of large woody
debris in the channel

Minor Precipitation index low enough that, Integrated catchment management
depending on vegetation cover and (to maintain effective vegetation
catchment physical condition, there may cover)

be no significant hillslope erosion.
Frequent events, water and sediment
movements within the river channel
(bankfull), damage to some infrastructure
within the river channel

were also performed to extrapolate the analyses to a wider range of conditions and to
provide a systematic analysis of the impact of land use on flood peak discharge using a
standard approach.

The hypothesis that was examined is illustrated in Figure 2, which shows the relation-
ship between peak discharge and flood frequency (quantified by return period) for catch-
ments that are identical except for the level of forest cover. In both cases, the less frequent
the flood (i.e. with a greater return period), the greater is the peak discharge. For moderate
floods, which are relatively frequent, the forested catchment is able to absorb more rainfall
into the soil and therefore has lower peak discharges than the non-forested catchment.
This is because the greater interception of rainfall by the forest, combined with a higher
transpiration by the trees, allows the build-up of greater soil moisture deficits compared
with the non-forested case. However, the impact of this effect is expected to decrease as
rainfall amounts increase. The diagram thus proposes a convergence of peak discharge
response for the more extreme floods.
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non-forested -

Flood peak discharge
\\
\
\
\
AY
AY
\

forested

Return period

Figure 2. The hypothesis that, as the size of the flood peak increases (i.e. the flood has a greater
return period), the effect of land use on the flood peak discharge decreases.

Focus sites

Figure 3 illustrates the wide distribution of the focus catchments; Table 2 summarizes
their general environments and management needs. Although the catchments are mostly
small, in Costa Rica and Chile it was possible to extend the analysis to larger areas of hun-
dreds to thousands of square kilometres. It is important to consider the larger scale
because: (1) it is possible that responses observed at small scales may be attenuated or

Rio Pejibaye,
Costa Rica

Rio Chanchan,
Ecuador

La Reina,
Chile

Buena
Esperanza,
Tierra del
Fuego,

o Argentina

Figure 3. Location map for the focus sites.
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diluted at larger scales; and (2) larger scales are more relevant to planning considerations
and provide a more appropriate basis for making policy recommendations to national
agencies.

Methodology — data analysis

Because of the different availabilities of instrumented catchments, different approaches to
the data analysis were followed in the focus areas.

Costa Rica

Flood regimes were analyzed as a function of the history of land use, both for the Pejibaye
catchment (which has been largely deforested) and the larger (1,475 km?) Matina catch-
ment (in which the forest cover has remained constant at about 81% since the 1970s).

FEcuador

For a range of rainfall events, peak stream discharges were compared for neighbouring
paired catchments, selected for their contrasting vegetation covers, for the period 2005—
2007, e.g. the 10 km? Panamé catchment (mainly grassland cover) and the 2.3 km? Lise
catchment (largely forested) lying within the larger Rio Chanchan catchment (Coello et al.
2007).

Chile

Peak flow characteristics were compared for La Reina catchment for a full forest cover
(1997-99) and following clearfelling of the Pinus radiata plantation that covered 79.4%
of the catchment (2000-2002). The analysis was extended to three larger catchments
(Caramavida [94 km?], Mulchén [434 km?], and Duqueco [1,545 km?]) which have under-
gone significant plantation affecting at least 30% of the catchment area.

Argentina

An analysis of the effects of forest cover on seasonal snow accumulation and melt was
carried out, based on experience reported in the scientific literature and adapted to the par-
ticular conditions of the Buena Esperanza focus catchment.

Methodology — model application

Simulations were carried out using the SHETRAN modelling system (Ewen et al. 2000).
This is a physically based, spatially distributed modelling system for flow and sediment
transport, relevant at the catchment scale. It includes components for modelling vegetation
interception and transpiration, snowmelt, overland flow, variably saturated subsurface
flow, river/aquifer interaction and sediment yield.

SHETRAN was calibrated against the limited discharge data for the Pejibaye, Panama,
La Reina and Buena Esperanza catchments. Then a 1,000-year synthetic hourly precipita-
tion time series, representative of current conditions, was generated for each catchment
from available precipitation data, to provide an appropriate statistical basis for defining
the flood response for events with return periods of up to 100 years or so. SHETRAN was
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then applied to contrasting land use scenarios (generally with and without a forest cover)
using the generated precipitation time series. The maximum daily discharges for the con-
trasting scenarios were compared for each day of the 1,000-year simulations so as to
investigate the degree to which the contrasting responses converge as the size of the flood
peak increases.

Results
Costa Rica

Nationally there has been an increase in the number of damaging floods in the last 30 years,
coinciding with the conversion of forest to farming and urban areas. (These floods are
defined as those causing damage and are not necessarily the total number of floods.) How-
ever, the forested Matina catchment has experienced a similar increase in damaging
floods. The most likely reason for the increase is therefore the greater occupation of the
flood plain; i.e. the increase is in the impact rather than the number of floods. This
suggests that land use change is not responsible for the increase and that forest cover does
not eliminate the threat of floods: floods are part of the normal hydrological behaviour.
For the Pejibaye catchment, the reduction in the percentage of the catchment covered by
native forest from about 20% to 3.5% during 1970 to 2000 is found to be too small to have
had a significant impact on mean annual discharge or flood return periods. Runoff is
instead dominated by rainfall totals, with significant inter-annual variations.

FEcuador

Data analysis for two pairs of catchments and the simulation results support each other.
A forested catchment has lower flood peak discharges than a grassland catchment but the
difference between the two decreases as discharges increases; the convergence may be
absolute or relative (i.e. the difference between the two is constant but decreases as a per-
centage of the discharge as discharge increases); see, for example, Figure 4.

Chile

Comparison of peak flows for La Reina catchment between the pre- and post-harvesting
conditions shows that the percentage difference for “large” rainfall events (for rainfall
volumes greater than 50 mm) is less than that for “medium” events (rainfall volumes of
10-50 mm) and “small” events (rainfall volumes of 5-10 mm) (Iroumé et al. 2006). The
simulations show relative convergence of the peak discharges as discharge increases but
the pattern is affected by season, type of event, soil depth and antecedent soil moisture
condition. For each of the large catchments, comparison of peak discharges for paired events
(i.e. of similar rainfall) from the pre-plantation and post-plantation periods shows conver-
gence for large events (Figure 5). Sediment transport simulations (carried out for the Chile
site only) showed a clear benefit from forest cover in protecting the soil from erosion for all
rainfall conditions and thus in reducing the sediment transport in the river system.

Argentina

Scientific considerations suggest that: tree cover has a significant influence on the accu-
mulation, redistribution and melting of snow, acting to reduce peak flows in rain-on-snow
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the current vegetation and a hypothetical forest cover from the 1,000-year SHETRAN simulations of
the Panama catchment. Solid lines are lines of equality.
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events; forest clearings promote greater snow accumulations and more active melting; and
forest cover acts as a barrier to the redistribution of snow by wind from higher elevations
to the lower elevations where higher temperatures support more rapid thawing. The simu-
lations of the Buena Esperanza catchment show that, in general, removal of the trees
which cover about 40% of the catchment increases the peak river discharge but, for certain
conditions of snowmelt, there can be a reduction. These results indicate the complicating
effect of snowmelt and the difficulty in distinguishing trends concerning land use effect on
peak discharges for extreme events incorporating snowmelt.

Strategies for water and forest resources management relevant to extreme events

A framework of guidelines was created within which strategies for integrated water and
forest resources management could be developed for a catchment. The framework was
required to combine the best management practice at the international level (incorporating
successful historical experience with water and forest management and restoration) with a
sound scientific basis (including the above results concerning extreme events), while
remaining sufficiently flexible to incorporate the individual characteristics of the Latin
American catchments.

A fundamental aspect of the framework was recognition of the needs of the
catchment’s inhabitants. The framework therefore took as its starting point two principal
objectives:

(1) The management of the catchment to protect its inhabitants against the impacts of
rainfall and snowmelt events (both moderate and extreme) such as floods, soil ero-
sion, debris flows and sediment depositions;

(2) The optimal management of the water and soil resources in support of a sustaina-
ble way of life for the inhabitants of the catchment.

Achieving these objectives requires an understanding of the characteristics of the catch-
ment and a means of predicting its response to the full range of rainfall events.
The major components of the framework are:

(1) A matrix of scenarios for water and forest resources management in a catchment.
The catchment is divided into an upper, headwater, part and a lower part, such that
developments in the former could have an impact on conditions in the latter. Each
of these parts is further divided according to altitude (higher and lower) and slope
(greater or lower than 20%). Eight scenarios are thus defined on the basis of the
physical and flood characteristics; these provide a guide to selection of the
appropriate flood control and other mitigation measures, including the potential
for using forest cover.

(2) A matrix of processes triggered by or associated with rainfall events (moderate
and extreme), snowmelt events and periods between events, including: the
hydrological phenomena, the hydrological impacts, the science basis for event and
process analysis, the data required for impact analysis, mitigation techniques, and
planning and management recommendations relevant to extreme events.

(3) A matrix of the criteria relevant to cost/benefit analysis for the proposed man-
agement strategy. The criteria include the mitigating effects of the strategy,
methods for quantifying those effects (e.g. mathematical models), and economic
criteria for evaluating the benefits of the strategy. A graphical scheme is also pro-
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posed for determining the cost (or damage) of an event on the basis of the concep-
tual model outlined in Figure 1. This could be applied using an understanding of
the catchment characteristics and response mechanisms together with model simu-
lations of the response for required event magnitudes. The conceptual model pro-
vides a means of developing appropriate management strategies for the different
levels of event (minor, major, disastrous, catastrophic).

The framework of guidelines was used, in conjunction with site visits, to develop manage-
ment strategies for each of the project focus areas. Full details are given in Mintegui and
Robredo (2008).

Costa Rica

The Pejibaye catchment has been largely deforested and is characterized by cultivation
and pasture. There is a need to provide flood protection and maintain the long-term
sustainability of agriculture. Soils are vulnerable to erosion, especially by small shallow
landslides, so there is a need to maintain vegetation cover and apply soil conservation
measures. Secondary forest can quickly establish itself if so allowed, with good hydrolog-
ical and soil protection benefits. It should therefore be allowed to develop in the more
vulnerable areas of steep slopes and river banks.

Ecuador

The Chanchan catchment has been largely deforested and agriculture has spread to all
areas, including steep slopes and the headwater paramo zone characterized by andosols
which provide valuable soil water storage (Buytaert ef al. 2005, Harden 2006, Borja et al.
2008). Once these soils are ploughed their hydrological function is lost irreversibly and
they are easily eroded (Cisneros et al. 2007). There is a need to provide flood protection
and soil conservation (especially of the andosols) while maintaining the long-term sustain-
ability of agriculture. Where the andosols retain a well-conserved native vegetation cover
(pajonal, a type of grassland), the recommendation is maintenance of that cover. Where
the andosols have been ploughed and the soil profile has been degraded through water
erosion processes, the recommendation is for reforestation. In addition, reforestation could
be targeted on steeper slopes showing signs of erosion or shallow landsliding (e.g.
Bathurst et al. 2010).

Chile

Good practices are required to support forest plantation management which is sustain-
able from the environmental and socio-economic points of view, with the aim of ena-
bling forestry companies to achieve environmental certification for their operations. A major
objective is to minimize sediment production and so maintain stream water quality.
The required practices are well known and include the use of buffer strips to protect
stream environments, design and use of forest roads to minimize drainage and sedi-
ment fluxes into streams, and minimization of soil disturbance by machinery and
other forestry activities.
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Argentina

The Buena Esperanza catchment is used for water supply for Ushuaia and recreation. Impor-
tant management objectives are the maintenance of the forest in its lower zone as protection
for Ushuaia against rain and snowmelt floods and sediment depositions, sustainable use of
the water resources and maintenance of the forest ecosystem for tourism and national heritage
reasons. The benefit of the forest can be quantified by calculating the cost of the infrastruc-
ture which would otherwise be needed to provide the same level of protection for the urban
area. It is recognized that the forest may not provide complete protection against a flood
derived from an extreme event but it nevertheless protects very efficiently against a range of
moderate to high floods, minimizing maintenance costs for roads, for example.

Impact and management of large woody debris (LWD)

Flood damage can be exacerbated by the battering effect of logs carried by the flow or by
the sudden release of water (and sediment) when a log jam fails. The project therefore
examined the role of large woody debris in river channels and the means that are available
for managing its impact.

Measurements of woody debris characteristics in two Chilean headwater streams in the
Andes foothills and in the Buena Esperanza stream in Argentina (Andreoli et al. 2007, Com-
iti et al. 2008a, Mao et al. 2008a) showed that old-growth forest in Chile in particular could
yield high in-channel storage of wood: over 500 m? per kilometre length of channel. It was
found that the log jams formed by large woody debris in the stream channel can account for
25% of the total elevation drop along the channel and can store over 1,000 m> of sediment
per kilometre length of channel, which is comparable with annual yields. To these beneficial
effects may be added the enhanced diversity of ecological habitat. It is therefore recom-
mended that the removal of woody debris and riparian trees should be carried out only
locally, for example where the failure of a log jam could have dangerous consequences.

Best practice guidelines for managing large woody debris were produced, with par-
ticular relevance to the protection of downstream urban areas (summarized by Mao et al.
2008b). The guidelines provide details on the design and construction of control structures
such as check dams, rope nets, and cable filters, as well as riparian woodland manage-
ment. However, control structures are expensive and decisions on their installation should
involve cost-benefit analysis. A separate and detailed guide was provided for the design
and use of check dams constructed from natural materials such as logs and boulders, with
particular relevance to restoration of degraded rivers.

As much of the available literature concerns relatively small streams, the project
research was specifically extended to larger rivers, where the impacts of large woody
debris on settlements and infrastructure can also be serious (e.g. bridge blockage). A
means of detecting and quantifying woody debris volumes in large gravel-bed rivers using
high-resolution aerial photographs was successfully tested (Comiti e al. 2008b.).

Development of evidence-based policy briefs and recommendations for water
and forest resource management

EPIC FORCE was designed as a policy-oriented project, paying particular attention to the
involvement of local stakeholders and the joint development of recommendations based
on local conditions and interests. The variety of local conditions and interests meant that
the modes of interaction were different in each focus country. A common key feature,
though, was the establishment of national working groups to provide the views of key
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stakeholders (such as national water and forest agencies) and the necessary legitimacy and
policy links. The evidence basis was supplied by the forest impact research, the evaluation
of forest and water resources management options and the analysis of existing national
policies. The final outcome of the project was a set of policy briefs for the Latin American
countries and for international agencies, integrating the impact, management and policy
research. These briefs may be viewed at http://www.ceg.ncl.ac.uk/epicforce/assets/
D24.pdf. They are also being published by UNESCO’s Regional Science Office for Latin
America and the Caribbean (in Montevideo, Uruguay) as part of its International Hydro-
logical Programme, in partnership with the Programme of Ecohydrology at the Universi-
dad Nacional de La Plata, Argentina.

The main steps in the policy research were as follows, for each focus country: review
of the institutional framework for relevant policy-making; presentation of the strategies
that could be followed to maximize policy-impact in the three-year lifetime of the project;
overview of the importance of extreme events; review of the institutional framework for
the management of extreme events and forest and water resources; identification of the les-
sons emerging from the impact, management and policy research and from the stakeholder
interaction; and production of consolidated policy recommendations. A set of nine policy
briefs provide a summary of the general principles and findings of the project on extreme
events, use of modelling and field data to support policy-making, the interaction between
forests and water, the role of forests in extreme events, catchment restoration, and manage-
ment of large woody debris. Sets of policy briefs were also written on topics specifically rel-
evant to each focus country. The policy developments for each country are as follows.

Costa Rica

A strategy for policy impact was devised with a bottom-up approach working at the local
level (Pejibaye focus catchment), national level (national working group) and Centro-
American region level (Centro-American Support Group), following a multi-stakeholder
approach (Warner 2005). An important element was the development of a methodology
for creating participatory policies for catchment management. The overall theme was
catchment protection for extreme events; in spite of the frequent emergencies due to
hurricanes, the country does not have a long-term policy for land management to mitigate
the impact of extreme events. Five targeted policy briefs were produced for the main
national policy development and implementation agents in Costa Rica on managing the
impact of land use on river discharge for extreme hydrometeorological events, managing
the Pejibaye river catchment and on health policy and extreme events. These have been
disseminated at the local, national and regional levels.

Ecuador

The institutional framework for forest and water management in general, and in relation to
extreme events in particular, is quite chaotic and has been changing constantly over the last
20 years. Applicable legislation exists but it is not clearly understood by the different actors
and therefore not generally applied in practice. However, the recent national review of the
Ecuadorean Constitution provided an opportunity to influence policy by writing policy
briefs specifically to communicate key messages to the working groups of the Constitutional
Review. The four briefs cover the use of best scientific evidence for the development of pol-
icies relevant to extreme events, soil conservation and protection of native forests. These
briefs were presented directly to policy makers in Quito.
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Chile

The presence of a big industrial forestry sector provided the opportunity to influence the
practices of the main forestry companies. The project therefore concentrated on achieving
agreements to incorporate improved management practices in the main certification sys-
tems operating in the country, involving companies and certifiers at an early stage of the
process. It also sought to reach agreements with the forest public administration to incor-
porate improved practices as administrative rules in forest management plans. Success
saw a range of proposals accepted for improvement of the forest plantation standard
known as CERTFOR. A best management practice guide for minimizing soil erosion dur-
ing forestry activities was also produced and will be considered as a working tool by the
CERTFOR Forest Plantation Standard (Gayoso and Gayoso 2008). Policy briefs were
produced on the issue of the impact of forest growth on water resources at local and
catchment levels and the improvement of the certification standards mentioned above.
These have been disseminated within the forest and water resources industries.

Argentina

The policy objectives were centred on the integrated management of water and forest
resources for extreme events (including snowmelt) in Tierra del Fuego and other
provinces of the Andean-Patagonian region. They included the generation of planning
guidelines for forested catchments to be used by planning authorities at the municipal and
provincial levels, which could be used throughout the Andean-Patagonian region, and the
regulation of catchments specifically in Tierra del Fuego province. Interactions with
policy-makers were very successful, resulting in the adoption by the Patagonian Water
Resources Council COHIPA (Consejo Hidrico Patagénico) of recommendations for the
management of Andean-Patagonian catchments in the drafts for the National Water Plan,
and in recognition of the significance of the forest cover for the sustainable management
of the Buena Esperanza catchment. Policy briefs were produced on reduction of catchment
vulnerability in extreme events, planning of urban areas in torrent catchments and hydro-
logical risk studies to support preventive planning. The briefs have been presented to the
national and provincial water resources authorities.

Conclusion

The EPIC FORCE project aimed to combine an improved research base with historically
derived best practice to develop evidence-based policy recommendations for integrated
forest and water resources management, with specific relevance to extreme rainfall and
snowmelt events. The general applicability of this approach was investigated in four Latin
American countries. The results obtained from the combination of data analysis and model
application support the hypothesis that, as the size of the flood peak increases, the effect of
forest cover becomes less important. Figures 4 and 5, for example, support Figure 2. The
convergence of response at high flows may be either absolute or relative. The results add
to the previous literature by extending this finding to a range of Latin American forest and
climatic environments and showing that the effect may be significant not only for small
catchments (less than 10 km?) but for larger catchments (greater than 1,000 km?) as well,
as long as the change in forest cover affects a significant proportion of the catchment.
However, the pattern is complicated by a number of factors, which require further
research. These include soil depth, antecedent moisture content and season, while in
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catchments with snowmelt regimes, forest cover can both increase and decrease peak
discharges relative to the unforested case.

Building on firm hydrological understanding as well as successful past practice in
water and forest management and restoration, a framework of guidelines was created
within which strategies for integrated water and forest resources management could be
developed. This combines mitigation of the impacts of floods with the management of
water resources under all hydrological conditions, in support of a sustainable way of life
for the inhabitants of the catchment. The guidelines recognize the limitations of afforesta-
tion as a technique for reducing the peak discharges of floods derived from extreme but
infrequent rainfall events. For such events, forests are unlikely to protect lives and
infrastructure from flooding and a more appropriate approach is zoning or land use plan-
ning. The guidelines emphasize, though, the effectiveness of forests in reducing the flood
levels of more moderate events (which occur more frequently) and in reducing soil
erosion and sediment loads at all levels of event. This role is central to the management
strategies developed for the four focus areas. Forests also generate large woody debris in
river channels. This debris has sufficient beneficial effects (such as slowing the flow,
storing sediment and improving biodiversity) that its general removal is not recom-
mended. A range of techniques is available for controlling its movement by high flows.

The forest impact research and the proposals for management strategies enable the
basis for policy-making for water and forest resources management to be shifted from
misperception to firm scientific evidence, while remaining strongly rooted in the best
practice established through historical experience. A procedure for transferring the
research findings to the policy-making arena has been established, with different
approaches adopted to suit the different conditions of the four focus countries. Policy
briefs have been produced at the local, national and international levels and project
results have been put forward for national policies. Overall the EPIC FORCE project
demonstrates how the integration of science, management and policy research can not only
improve fundamental understanding of the underlying science but can also be applied
systematically across a range of environments to recommend management and policy devel-
opments of real consequence for people and the environments in which they live.
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