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Summary and Conclusion

Objective of this study are to develop the optimized system measuring throughfall drops and to
clarify the process for throughfall drop generation in forest canopies. I supposed meteorological
factors and canopy structures as affecting factors on the process for throughfall drop generation, and
estimated the influences of them, respectively.

In chapter 2, I newly developed and improved a laser drop-sizing gauge, named LD gauge, to
be optimized measuring throughfall drops. The LD gauge realizes simultaneous, continuous, and
multiple measuring of throughfall drops. When a raindrop passes through the laser sheet emitted by
the transmitter, the output voltage from the receiver is reduced in proportion to the intercepted area.
The voltage is converted into digital data with an A/D converter and stored on a PC connected to the
LD gauge. Raindrop diameter is calculated from the relationship between the interception rate and
the output voltage. The reliability of the LD gauge was confirmed by a calibration experiment using
glass spheres and actual water drops.

In chapter 3, I reconfirmed and rearranged the characteristics of DSD and drop kinetic energy
of throughfall. Throughfall and open rainfall drops were continuously and simultaneously observed
within and outside a Japanese cypress (Chamaecyparis obtusa) plantation. Comparison of
throughfall and open rainfall for one rainfall event suggested the following: 1) Throughfall drops
were fewer in number, but larger in size, than open rainfall drops for one rainfall event; 2) Large
drops were scarce in open rainfall but accounted for about half of the throughfall precipitation.
Raindrops coalesce in the canopy; 3). The drop impact energy increased as large drops were
produced.

Comparison of the two throughfall events suggested that the throughfall drops did not always
have the uniform distribution in different events or in different time periods in one rainfall event, in
contrast to the previous studies which resulted that throughfall drops had the uniform size
distribution independent of rainfall intensity.

In chapter 4, I estimated the influence of canopy species and meteorological factors for
throughfall drop generation. Raindrops were continuously measured in an open site and in three
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forest stands, Japanese cypress (CY), Japanese cedar (CD: Cryptomeria japonica), and sawtooth oak
(SO: Quercus acutissima), simultaneously during three rainfall events. Drop size data obtained
during the whole observation period were used in an hourly based data set and divided into three
groups depending on three meteorological conditions: calm, heavy rain, and strong wind. Evaluating
the influence of canopy species and meteorological factors using Dsy and DSD differences revealed
some throughfall-DSD characteristics.

First, throughfall had different DSDs among canopy species under conditions of little vibration
of the canopy, with low rainfall intensity and wind speed; Ds values were 2.00, 2.93, and 3.60 mm
in CY, CD, and SO, respectively. Differences were produced by the varying natural capacities of the
canopies to produce large drips. Second, throughfall contained smaller drops under severe vibration
of the canopy conditions, with high rainfall intensity and/or high wind speed, than under calm
meteorological conditions. Vibration of the canopy led to reduced water coalescence and an increase
in the spattering of rainwater from canopies. Wind speed had a greater effect on throughfall-DSD
variations than did rainfall intensity. Third, the influence of meteorological factors was different
among the canopy species; SO was readily influenced but CY was not.

Moreover, it was implied in the results that throughfall consisted of three components: free
throughfall, drips and splash droplets. This study determined a process for generating
throughfall-DSD that could explain the variations in throughfall-DSDs among canopy species and
the influence of meteorological factors.

In chapter 5, I estimated the influence of canopy structures for throughfall drop generation. To
estimate the influence of canopy structures for throughfall drop generation, the indoor laboratory
experiment was conducted involving a transplanted Japanese cypress tree and water sprinklers.
Throughfall amount and raindrops were measured at 32 points under four kinds of canopy structures
created by the staged branch pruning. By the two steps of analyses of the experimental data, the
followings were clarified.

First, the distance from the trunk affected the distribution of throughfall amount and intensity.
The spatial variability of throughfall intensity was dominated by the distance from the trunk and
generally increased as the radial distance from the trunk became further. The running component
would exist in the process of rainwater flow in canopies. Rainwater applied around the center of the
canopy may have spilled over to the edge of the canopy because of the canopy’s conical shape.

Second, the canopy thickness affected the throughfall drop generation. The canopy thickness
would determine the canopy storage and the probability to be re-intercepted the drips generated from
the upper canopy layers. The time lag required to stabilize throughfall intensity became shorter with
the distance from the trunk and with the branch pruning. When the measuring points were covered
with canopy foliage, the abundance ratio of large drops with diameters > 3 mm increased with the
distance from the trunk and with the branch pruning. Furthermore, the number and the ratio of drips
with higher velocities increased with the branch pruning. Consequently, throughfall kinetic energy
increased with the distance from the trunk and with the branch pruning.

Third, the first branch height affected the drop velocities of drips generated from the canopies.
The branch pruning increased the velocities of drips.

Forth, the process of throughfall drop generation adjacent canopy edge was shown. Adjacent to
the canopy edge, throughfall comprised larger drops because of thin canopy thickness, but the drips
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had lower velocities because they were almost generated from the lower layers. Consequently,
throughfall kinetic energy generally increased with the distance from the trunk but the increasing
trend was less clear than the throughfall intensity. The peak of throughfall intensity with the distance
from the trunk appeared adjacent to the canopy edges but the peak of throughfall kinetic energy
appeared more inner side of the canopy edges compared with the throughfall intensity.

As mentioned above, this study revealed the influence of meteorological factors and canopy
structures for the process of throughfall drop generation in forest canopies. In particular, wind speed
for meteorological factors and canopy thickness for canopy structures had major impact for
throughfall drop generation. These findings help in determining the mean and the maximum rainfall
amount, rainfall intensity, and rainfall erosivity of throughfall, which has large spatial variability to
discuss the soil surface erosion process and the canopy interception process.
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