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SUMMARY 

Sustainable land use is increasingly seen as one of the solutions in the struggle 
against negative impacts of man on tropical rain forest and its resources. In the 
Amazon basin, the main focus of research is on the effect of deforestation on global 
climate and biodiversity, while lesser attention has been paid to the functioning of 
natural and disturbed ecosystems. Nevertheless, information on this functioning is of 
vital importance for management aiming at sustainable land use. Such information 
concerns topics like biotic interactions and the cycling of water and nutrients 
between both various ecosystems and ecosystem compartments, as well as effects of 
land use on this functioning. The present study represents the first long-term and 
probably unique hydrological study for Colombian Amazonia and forms part of a 
larger project on the hydrology and nutrient cycling in representative forest 
ecosystems in the Middle Caqueta area, which forms part of the Tropenbos 
Colombia research programme. This project generated information on the 
hydrologie functioning of natural forest ecosystems, which can be used for nutrient 
cycling studies, serve as reference for impact studies and in support of the 
development of sustainable types of land use. 

One of the main outcomes of previous research in the Middle Caqueta area was that 
considerable differences exist between forest types, species diversity and soil types 
in the various physiographic units. The main units, in increasing order of nutrient 
stocks, were the Tertiary sedimentary plain, and the high terrace, low terrace and 
floodplain of the River Caqueta. The main objective of this study was the 
assessment of the water balance of representative forest ecosystems in these four 
main units, by describing and quantifying the temporal and spatial dynamics of the 
hydrological fluxes through the forest compartments. In order to meet the research 
main objective, a top-down water fluxes study was followed in which a monitoring 
programme on relevant parameters and processes was carried out for about five 
years (1992-1997) on climate and water content, storage and drainage in the 
different forest compartments. 

Because of the difficulties in measuring of some water fluxes (e.g. soil water fluxes) 
and of the complex functioning of forest ecosystems, in this study models were 
either constructed or used to simplify these systems, to allow for a better 
understanding of ecosystem functioning when measurements did not provide 
information on the individual contribution of simultaneous processes (e.g. 
interception-transpiration, water uptake-drainage). Moreover, dynamic models in 
this study provided a physical description of the processes related to each forest 
compartment and contributed to the quantification of the water balance components. 
They were also used to fill gaps in measurements (e.g. throughfall). 

The first step in the research was to characterise the climatic conditions, as data were 
not available. Data on gross rainfall, temperature, relative humidity, solar radiation, 
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wind speed and direction were collected each 20 minutes with an Automatic weather 
Station (AWS) installed in the open. With the use of the data and applying 
Monteith's model (Monteith, 1965), the reference transpiration was calculated for 
the period studied. Monthly values of climatic parameters, including those of 
calculated reference transpiration and measured Class A-pan evaporation are 
presented in Chapter 2. This Chapter also includes an overview of the research site, 
including vegetation, soils and main land uses in the area. Results for gross rainfall 
(amounts, duration and intensity) were in line with data on previous years from the 
Araracuara station. Reference transpiration to be used as input for the FF and 
mineral soil, was calculated based on these climatic data. 

After the characterisation of the above forest canopy conditions (climate), the 
second step was the study of the partitioning of gross rainfall into throughfall and 
stemflow in the forests studied and the main factors influencing the dynamics of this 
partitioning. Chapter 3 is an analysis of this partitioning and examines the existence 
of relationships with climate and forest characteristics. Throughfall appeared to be 
dependent on both gross rainfall and forest structure. The percentage of throughfall 
ranges from 82 to 87% of gross rainfall and varies with rainfall size in all 
ecosystems. Stemflow contributes very little to net rainfall. Evaporation during 
rainfall has a linear relation with rainfall duration and the ratio between evaporation 
and gross rainfall increases with forest cover in the ecosystems studied. It is 
concluded that rainfall partitioning strongly depends on rainfall characteristics but 
also on forest structure, defined as forest cover or LAI. 

In Chapter 4, a further step in the study of net rainfall dynamics is made, being the 
use of a physically based interception model in order to describe and quantify the 
temporal dynamics of net rainfall. The model appeared to be sensitive to the storage 
capacity. Therefore, storage capacity parameter was calibrated for each forest. 
Values for the other parameters in the model were either used as deduced from the 
measurements or set to unity, as the model did not show to be sensitive to changes in 
those parameters. The model was capable of reproducing accurately measured 
values by using as input the values of parameters deduced from the measurements. 
This accuracy increased after the calibration of the storage capacity parameter. 
Values of forest storage, deduced from the calibrated parameters, increased from the SP 
towards the FP, which agrees with the measured trend. The validation of the calibrated 
model showed that this is capable of predicting sets of daily and weekly measurements 
of net rainfall outside the calibration period with similar accuracy as for the calibration 
period. Model predictions showed that the dynamics of predicted net rainfall by the 
physical based model are physically more realistic and differ from those predicted by 
the static model presented in Chapter 3. 

Measurements of the water content in the forest floor (FF) and in the mineral soil were 
carried out using Time Domain Reflectometry (TDR) equipment. Different calibration 
studies suggest that when using TDR to investigate the water content of FF or soil 
materials, TDR measurements should be calibrated. In Chapter 5, we present the results 
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of the calibration of TDR measurements, which was carried out using volumetric water 
content determinations from FF and soil samples. Volumetric water content of the 
samples was fitted with linear functions against the refraction index calculated from the 
TDR travel time measurements. These linear regressions produce a R of 0.94 for the 
FF and 0.88 for the mineral soil. Using existing calibration parameters from other 
studies, water content is either underestimated or overestimated. Deduced regression 
parameters from the linear functions of measured water content and the refraction index 
in the FF and mineral soil were used to translate TDR travel time measurements into 
volumetric water content. 

In the forest ecosystems studied, commonly a thick litter layer (or forest floor) with 
abundant fine roots is present. The thickness of this FF differs between ecosystems, 
being thickest in the sedimentary plain. An important outcome from this study is the 
characterisation of the hydrological role played by this FF in the context of 
undisturbed forests in Colombian Amazonia, in which related processes were also 
characterised. In Chapter 6 the FF water dynamics are studied. FF characteristics 
and storage capacity were investigated and FF water content dynamics were 
monitored during two years in the ecosystems studied. To simulate the dynamics of 
the FF water fluxes, storage, root water uptake and drainage to the mineral soil, a 
dynamic model was developed and calibrated. Results showed that the presence of a 
thick litter layer (or FF), and the concentration of fine roots determine the net 
rainfall partitioning into uptake and total drainage to the mineral soil. Results 
pointed to differences between ecosystems in the FF water storage capacity, water 
content and water uptake dynamics and amounts. The FF in the SP is capable of 
storing the highest amount of water, due to its highest thickness and this FF supplied 
the forest with about 30% of total water uptake during the period studied. Conditions 
contrast more with those in the FP ecosystem, with the thinnest FF and with the 
lowest contribution to the forest transpiration. Drainage also varied between 
ecosystems, ranging from 87% to 93% of net rainfall. 

The interpretation of Rutter's interception model to the FF offered a quantitative 
description of the water fluxes associated with the litter layer, where a high 
proportion of fine roots acts as a sink. A major advantage of this simple model is 
that its conceptual basis is supported by observations (FF water storage), even with 
information on parameters not used for its calibration (FF drainage). A new 
technique was also developed to investigate FF drainage or litterflow (flux plates). 
These measurements supported model predictions in which the accuracy of 
predictions was very high. The model is meant to distinguish between preferential 
flow and proper drainage, while measurements can not. However, the model also 
offers several new applications: 

It can be applied in forests with FF's without active roots; in such a case direct 
evaporation may play a more relevant role. 
It allows the identification of the FF flow characteristics and the quantitative 
separation of processes occurring simultaneously. 
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The model can therefore provide valuable information with the dynamics 
occurring at the FF compartment related to nutrient release and uptake. 

Despite its simplicity, the model was capable of accurately reproducing field data. 
The number of parameters in the model is certainly its main disadvantage, although 
some of them are physical based parameters, which can be investigated in the field 
(e.g. FF water storage, evaporation efficiency, interception efficiency). 

Chapter 7 explores the role played by the mineral soil in the water fluxes in the 
entire ecosystem, and the dynamics of these fluxes. Water content and water tension 
were monitored at various sites and soil depths in the four forest ecosystems. 
Vertical water fluxes through the porous media and root water uptake were 
simulated with a dynamic model, by using measured conditions as inputs. Main 
findings relate to the low water availability in the soils studied (mainly in the SP), as 
indicated by the water retention characteristics and field measurements. However, 
soil water storage is high and almost constant over the period of study, with the 
exception of droughts. The rainfall distribution and the high water storage of the 
mineral soil appeared to be the most important parameters in maintaining water 
uptake or actual transpiration very similar to reference transpiration for most time of 
the year in studied ecosystems, except for the short dry periods when actual 
transpiration decreased to almost one third of the reference. This water uptake also 
differs between ecosystems studied being the lowest in the SP and the highest from 
the FP. The FF's together with the upper soil layers, where fine roots are 
concentrated, are responsible for the supply of most of the water demanded by the 
forests. Water content dynamics in the upper soil layers showed to have more 
variability than deeper layers, which was connected to the soil properties and uptake 
by roots. Moreover, the distribution of rainfall in this part of Amazonia showed to be 
an important factor in the maintenance of actual transpiration at almost potential 
rate. However, the water availability in the FF and upper part of the mineral soil act 
as the buffer compartments during those periods where rainfall is low. 

Focussed on the project's main objective, overall measurements and models from 
this study were used for the quantification of a long-term water balance for the 
different forest compartments in the forests studied. Results of these water balances 
are summarised in Chapter 8. The annual water balances during the four years 
period showed that the fraction of evaporation of intercepted gross rainfall was 
about constant over this period and that there are differences between ecosystems in 
their net evaporation, being the highest in the FP. Found values are also higher than 
most values reported for central Amazonian forests. Differences in evaporation 
values led to differences in évapotranspiration between the ecosystems studied, the 
values of the latter differing from those reported in the literature. Overall results 
explain trends in ET when climate conditions (mainly rainfall amounts) and forest 
structure change. It is the compartment approach which enables to identify the 
ecosystem compartments and processes involved in such changes in the overall 
water balance. 
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At the onset of this research, information on the hydrological functioning of 
Colombian Amazonia was about nil and certainly differed from other sites within 
the Amazon basin such as the central Amazonia in Brazil where large research 
projects have been carried out (e.g. ABRACOS, LBA) and Northeast Amazonia 
(Jetten, 1996; Brouwer, 1996; Poels, 1987). This was clearly stated during a 
congress on forest ecosystems, entitled "Consolidation of the national research net" 
by the Colombian governmental institute Alexander van Humboldt (Colombia, 
1996) in which one of the main conclusions was that there is a lack of basic 
information and knowledge on ecosystem processes. Chapter 9 highlights the most 
general conclusions and the implications of overall results for nutrient cycling and 
forest management. It also includes a scheme of top-down water fluxes in a forest, 
with the ranges of values for the water balance in the ecosystems studied. Results 
from the present study, in agreement with the objectives of the Tropenbos 
Foundation, contribute to enlarge local knowledge related to the functioning of a 
large part of the Colombian territory and to the better understanding of processes in 
undisturbed forests in Colombian Amazonia. The extensive collected data and 
overall results are unique for this part of the Amazonia and can be used as baseline 
information, among others, by local policy makers and planners. These results 
together with those from other studies may also support Colombia to develop joint 
management of the Amazon basin with other Amazonian countries in the context of 
local and global issues (e.g. Global Climate Change). 
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