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Review: Quantification of cloud forest conversion to
pasture on water quantity
With guest co-authors, L.A. Bruijnzeel and Mark Mulligan.
Although there is evidence that conversion of cloud forests reduces dry season flows – in Costa
Rica, Guatemala and Honduras, it is largely circumstantial. Due to the variation and site-specific
nature of watershed processes, and limitations on capacity for data collection, results can only be
applied to small scales in a few locations. This has been a key limitation on hydrological
investigations undertaken to support payment initiatives. Data is collected at point and plot scales
from which it is difficult or inappropriate to make generalizations without extensive knowledge
about the site-specific context.
The available information on the allegedly large amounts of cloud water intercepted by cloud
forests provides a case in point. A major factor that limits understanding and quantification of
water budgets in cloud forest areas is the difficulty of distinguishing fog intercepted by cloud
forests from wind-driven rain as sources of precipitation. The distinction is significant since winddriven rain is caught by the vegetation or ground whereas fog is a true horizontal flux which, if not
caught by vegetation (particularly forest) can pass over a catchment and thus be ‘lost’ to it,
Quantification of this has been a key scientific challenge – at least until now.
One of the ways of overcoming these limitations is to develop equipment and models that permit
quantification and better understanding of the various physical processes, and to use and validate
these with direct measurements. Recent research conducted in northern Costa Rica (with
financial support from the UK Department for International Development Forestry Research
Programme) by a team of Dutch, British, Colombian, Swiss and Costa Rican scientists, under the
leadership of Sampurno Bruijnzeel of the Vrije Universiteit Amsterdam, has done just that.
Measurements were taken in an undisturbed cloud forest and in a mature pasture area, using an
array of specialized instruments, including the ‘potential precipitation gauge’ developed
specifically by project researcher Arnoud Frumau to improve the measurement of wind-driven
rain. Using this ingenious device the angle of incoming precipitation could be determined at all
times. Combining information on rainfall angles with topographical information, in turn, allowed
much more realistic estimates of precipitation inputs to be made. Separate measurements of fog
deposition rates using highly sophisticated equipment indicated that fog inputs were dwarfed by
precipitation inputs.
In addition to taking measurements at different scales, ranging from plots to operational
catchments of up to 100 km2, project activities included the development of process models for
use at these different scales, validation of the operational scale model with measured stream flow
data, and use of the model to assess the hydrological impacts of various land-cover change
scenarios. Another global scale model was used by Mark Mulligan of King’s College London to
compare the expected impacts of land cover change to those of climate change at the national
scale as well as for all of Central America and adjacent areas (Mexico, northern Colombia).
The results for Costa Rica generally reinforce and quantify what has been expected or suspected
for a while. Although fog input can be significant in isolated mountain catchment areas such as

Lake Arenal, where average values are up to 240 mm/year, it rarely contributes more than 1-2%
of the flow of major downstream rivers. As a percentage of annual water balance this input never
exceeds an average of 7%.
Fog inputs are more significant in areas of lower rainfall, and during the dry season. In January
and February, fog inputs can reach 25-35% of rainfall on the Pacific side, and represent over 50%
of the stream flow within cloud forests. However, the net impact of cloud forest removal on annual
and dry season flows is limited because reductions in the capture of fog and wind-driven rain are
compensated for by lower water use (evapotranspiration) by replacing vegetation types such as
pasture. Only on a few isolated montane slopes did changes in forest cover lead to declines in
fog interception that exceeded the corresponding decrease in evapotranspiration. Rainfall and fog
inputs as well as evapotranspiration will also be affected by the projected global warming and
drying in the Central American region – which is expected to increase evapotranspiration by 1020 mm/yr, and to decrease rainfall and therefore runoff by 100-150 mm.
On the other hand, the progressive degradation of soil as a result of cloud forest conversion to
pasture can lead to a doubling of stream flow volumes during rainfall (‘stormflows’) and a tripling
in peak discharges for small watersheds because of soil compaction by cattle, which reduces the
amount of water infiltrating the soil. These impacts have not been observed at operational scales,
where they are ‘diluted’ or averaged out by variations in rainfall and surface characteristics across
the landscape. In addition to an improved understanding of the role of cloud forests in the water
budget of the Chiquito catchment in Costa Rica, the project has contributed models for
application at operational and (inter)national scales that can be used to define hydrological
‘hotspots’ – where input from fog capture is sufficient to evaluate impacts of land use conversion
and climate change on the water budget, and ultimately, for economists to determine whether
these changes have significance from a socio-economic perspective. The (inter-)national scale
policy model can be used with existing freely available climatic and vegetation datasets. The
biggest challenge remains to provide accurate spatial rainfall data for this type of remote
mountainous terrain.
The implication of the project’s findings for payments for environmental services schemes is that
cloud forest benefits for water quantity are surprisingly limited and rarely significant. Although the
benefit for water quantity is easier to sell, it is unlikely to sustain a payment scheme. Justification
for cloud forest protection therefore needs to be based on the broader range of benefits they
provide, which include first of all the safe- guarding of water quality, long-term regulation of flows,
as well as suppression of erosion and shallow landslides but also biodiversity, carbon
sequestration, and aesthetic and eco-tourism values.
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