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Summary of the research results 
 
Wet-canopy evaporation 
 
Chapter 2: As a first step, rainfall interception (wet-canopy evaporation) 
and the corresponding forest structural parameters governing rainfall 
partition at the canopy level were quantified for a natural broad-leaf 
forest and a 25-year-old planted pine forest. The results showed a higher 
interception loss from the semi-evergreen natural forest (22.6% of 
incident rainfall) as compared to that from the planted pine forest 
(19.4%). The higher interception loss derived for the natural forest was in 
accordance with what would be expected from the difference in forest 
stocking (1869 trees ha-1 in the natural forest vs. 885 trees ha-1 in the pine 
forest) and LAI (4.5–5.4 m2 m-2 in the natural forest vs. 2.0–2.2 m2 m-2 in 
the pine forest). The revised analytical interception model (Gash et al., 
1995) was used for the first time under monsoonal montane conditions to 
derive these annual interception estimates. There was good agreement 
between modelled and observed interception losses for the two 
contrasting forests, provided optimized values were used for the wet 
canopy evaporation rate. 
 
Dry-canopy evaporation 
 
Chapter 3: For the first time, tree transpiration, canopy conductances 
and decoupling coefficients were quantified and examined in a natural 
broad-leaved forest and in a mature planted pine forest in the Middle 
Mountain Zone of the Himalayan region, using sap flow measurements 
and concurrent climatic and soil water observations. Tree transpiration 
rates in both forests were strongly dominated by atmospheric vapour 
pressure deficits, much less by amounts of energy available for 
evaporation, and least of all by soil water contents down to 75 cm depth. 
It was further found that transpiration rates in the two forests peaked 
during the dry season and exhibited little variation during much of the 
dry season, indicating the roots must have access to moisture present in 
deeper soil layers and the weathered portion of the geological substrate.  
Both the seasonal and annual transpiration totals were distinctly higher 
for the pine forest compared to the natural forest even after allowing for 
the difference in site exposition and thus radiation load. 
 



Reforestation, soil hydraulic conductivity and hillslope 
hydrological response 
 
Chapter 4: The effects of reforesting severely degraded grassland on 
field-saturated soil hydraulic conductivity (Kfs) and overland flow 
production were examined. Apart from presenting extensive new Kfs data 
for a heavily degraded pasture, a little disturbed broad-leaved forest, and 
an intensively used pine plantation and extending the range of 
measurements to the hillslope scale, this Chapter includes the first 
measurements of Kfs for a heavily frequented rural footpath in the 
Himalaya. The high surface and near-surface Kfs observed in the natural 
forest effectively prevented the occurrence of large-scale infiltration-
excess overland flow (IOF) even for the most extreme rainfall events. 
Thus, intact natural forest favours vertical percolation and the 
replenishment of soil water and groundwater reserves through maximum 
infiltration. Conversely, very low surface and near-surface Kfs were found 
in the degraded pasture and particularly for the footpath sections which 
encouraged the generation of IOF even during events with moderate 
rainfall intensities. Pertinently, surface and near-surface Kfs in the heavily 
used pine forest had remained similar to those observed for the degraded 
pasture even after 25 years of forest development. This unexpected 
finding was attributed to the regular collection of litter material from the 
forest floor for animal bedding and composting, understory removal, 
cattle grazing, and fuelwood harvesting. The large volumes of overland 
flow generated on the footpath (not measured but inferred from a 
comparison of rainfall intensities and surface Kfs), in the degraded pasture 
(21.3% of incident rainfall) and the planted forest (18.6% of crown drip) 
in the study area can be expected to contribute disproportionally to local-
scale stormflows. The results further illustrate the positive influence of a 
well-developed litter layer and understory vegetation (IOF in the natural 
forest only 2.5% of incident rainfall and 3.2% of crown drip) on surface 
and subsurface hydrology. They also bring out the hydrological 
importance of preserving the remaining old-growth natural headwater 
forests of the Middle Mountain Zone of the Nepalese and Indian 
Himalaya. 
 
Sustained forest use and soil hydraulic conductivity 
 
Chapter 5: To provide further support to the results for the Dhulikhel 
sites described in Chapter 4 and to obtain insight in ‘real time’ into the 



long-term changes in field-saturated soil hydraulic conductivity (Kfs) 
incurred by intensive land or forest usage, Kfs was also measured beneath 
a severely degraded pasture, a disturbed natural forest and in two 
intensively used mature planted Pinus roxburghii stands elsewhere in the 
Middle Mountains near Chautara (some 20 km from Dhulikhel). Here, a 
similar set of measurements was made in 1986 (Gilmour et al., 1987) and 
by repeating the measurements in 2011 at the same locations and using 
comparable techniques, a direct and unique comparison of Kfs values at 
two points in time separated by 25 years is obtained. Multiple 
measurements of Kfs were made at the above-mentioned four sites, both 
at the surface and down to 1 m depth. Abrupt and significant decreases in 
Kfs were observed within the upper 0.25 m of the soil profiles under both 
natural and planted forest after 25 years of various forms of human 
activity. These decreases essentially reflect the loss of macro-porosity 
due to the reduced incorporation of soil organic matter after repeated 
collections of litter from the forest floor supplemented by continuous 
cattle grazing. Contrary to the forest sites, the studied degraded pasture 
site showed little change in surface Kfs over the intervening 25 years 
suggesting surface degradation had reached a ceiling already in or before 
1986. The results demonstrated that management of community forests in 
Nepal’s Middle Mountain Zone needs to include a consideration of 
hydrological functioning. Simply planting trees on degraded land is not 
sufficient in itself to restore the hydrological functioning of degraded 
catchment areas. It is essential to give proper attention to the on-going 
management of the planted forest areas to balance forest usage by the 
local populace with adequate hydrological functioning. 
 
Reforestation and dry season flows 
 
Chapter 6: The trade-offs between changes in vegetation water use and 
soil infiltration after reforesting severely degraded pasture land with pine 
trees was investigated. In doing so, the hydrological process 
measurements presented in Chapters 2–5 were integrated in a water 
budget framework. Planting of the pines increased vegetation water use 
relative to the pasture by 355 mm yr-1. On balance, the limited amount of 
extra infiltration afforded by the pine plantation relative to the degraded 
pasture (only 90 mm yr-1 due to continued soil degradation associated 
with regular harvesting of litter and understory vegetation in the 
plantation) proved insufficient to compensate the much higher water use 



of pines. In contrast, a comparison of the water use of the natural forest 
and degraded pasture suggests that replacing the latter by (mature) broad-
leaved forest would ultimately have a near-neutral effect on dry season 
flows as the approximate gains in infiltration (285 mm yr-1) and 
evaporative losses (300 mm yr-1) were very similar. The results of the 
present study thus highlight once more the need for proper forest 
management (both natural and planted forests) for optimum hydrological 
functioning as well as underscore the importance of protecting the 
remaining headwater forests in the region.  


