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Abstract

Some analyses are carried out with regard to canopy interception processes during rainfall events based on a tank model. A
hypothesis, rainfall interception rate is proportional to the product of potential evaporation and rainfall intensity, is formed from
past experimental data, and is applied to the data in this study. Computational equations are proposed to the interception rate
and accumulative interception loss under constant rainfall intensity. Data from the Shirakawatani experimental forested
catchment are used in order to examine the relationship between the interception rate and rainfall intensity, the ratio of the
interception rate to rainfall intensity and potential evaporation, accumulative interception loss and the rainfall duration, and
accumulative interception loss and accumulative rainfall. These regression relations show that interception processes are
described by rainfall intensity and potential evaporation. An equation relating the aerodynamic resistance in the Penman—
Monteith equation to rainfall intensity is proposed to explain the fact that the interception rate exceeds net radiation. © 2002

Elsevier Science B.V. All rights reserved.
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1. Introduction

Gross rainfall on a canopy is classified into rainfall
interception loss, throughfall, and stemflow. Rainfall
interception loss is defined as the residual after
subtracting throughfall and stemflow from gross rain-
fall. A lot of data for forested catchments with differ-
ent types of trees and climatic conditions have been
collected by field observations in the world (e.g.
Horton, 1919; Rutter et al., 1971, 1975; Gash,
1979). For various kinds of forest stands, a linear rela-
tion between the interception loss and gross rainfall
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during a rainfall event results in
I=aR+ Db (1.1

where [ is the interception loss, R the rainfall in a
rainfall event, and a and b are empirical constants.
aR of Eq. (1.1) stands for the rainfall that evapo-
rates during raining periods; b indicates intercepted
rainwater which still remains on leaves and branches
when the rain stops after the raining periods. Constant
b usually is 1.3-2.0 mm for conifers (Horton, 1919;
Rutter et al., 1971; Rutter et al., 1975; Gash, 1979;
Tsukamoto et al., 1988) and constant a is 0.13-0.26
being approximately the ratio of interception loss to
gross rainfall during a raining event. As a result, there
will be an interception loss of 26.0—-52.0 mm when
heavy rainfall of 200.0 mm occurs. This is partly the
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Fig. 1. Tank model.

reason for floods becoming smaller in forested catch-
ments than the ones in unforested catchments.

Gash (1979) showed that the empirical constant a in
Eq. (1.1) is in the ratio of the average interception rate
é to the average rainfall intensity 7 during the raining
periods as given below:

(1.2)
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Tsukamoto et al. (1988) obtained satisfactory data
of hourly interception loss using the ‘single-tree
monitoring device’, and demonstrated the applicabil-
ity of Eq. (1.2) for a range of 1 <r <7 mm/h.
However, it is rather doubtful whether Eq. (1.2) can
or cannot be applied if rainfall intensity exceeds
10 mm/h. According to the above statement, the inter-
ception rate is proportional to the rainfall intensity.
The relations of the interception loss to the other
micrometeorological factors are unknown. Klaassen
et al. (1998) showed that the relation between inter-
ception loss and rainfall intensity is exponential.
Schulze et al. (1978) also pointed out that interception
increases with rainfall intensity for given durations of
a storm.

It is important to physically and separately describe
evaporation of intercepted rainwater during rainfall
events and transpiration between rainfall events in

Table 1
Regressions of interception to selected variables

Variable Regression CcC

With potential evaporation E, = 9.511E, — 0.269 0.342
With rainfall rate r i=0.226F —0.028 0.847
1.758E,7 — 0073 0.903

With product of r and E, =

order to analyze water circulation, flood formation,
and low flow processes in forested catchments
(Hashino et al., 1999). These are two quite different
primary processes in water circulation. Hashino et al.
(1989) has been collecting field data from an experi-
mental forested catchment since 1985. Rainfall inter-
ception experiments were carried out with one tree in
a big hall, and a mathematical model based on a tank
model was proposed. Furthermore, the model was
verified with in situ data (Hashino et al., 1991,
1992). A more detailed introduction on the model
was provided by Yoshida and Hashino (1994).
According to the above-mentioned model, the
evaporation rate £ shown in Eq. (1.3)

E = a*Eps/h (1.3)

describes the rainfall interception phenomena, i.e. the
relation between rainfall interception loss and gross
rainfall. Here E is the evaporation rate from the water
of the canopy tank, E, the potential evaporation rate
evaluated by the Penman equation, s the water storage
of the canopy tank, / the water capacity after the rain-
fall, and «™ a parameter. However, the evaporation
rate E by Eq. (1.3) is difficult to be applied because
the hourly data are necessary to evaluate the water
storage of canopy s in Eq. (1.3).

It was shown that the evaporation rate E could be
expressed by Eq. (1.4) with a simple canopy tank
model (seeing Fig. 1) under the following conditions:
(a) without stem tank, (b) £ is supposed to be zero, (c)
steady state of the canopy storage, and (d) constant
rainfall intensity. The evaporation rate E is derived
from a canopy tank model taking A into account
(Yulianur et al., 1998):

E
E=CE,r or — = CE, (1.4)
r

Coefficient C is determined by the state of the forest
(type and age of tree). The trees in the experimental
forest are 30 years old Sugi (Cryptomeria japonica),
values of coefficient C are about 1.73 h/mm for rain-
fall events, and 1.6—-2.1 h/mm for hourly rainfall-
interception analysis (referring to Tables 1 and 2).
In Eq. (1.2) taken from Gash, the interception ratio
a does not change with time, while in Eq. (1.4), the
ratio changes with time and is affected by meteorolo-
gical parameters: temperature, humidity, wind speed,
and radiation.
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Table 2
Regressions of accumulative interception to time duration

Situation for total interception

Having potential evaporation E,
Having rainfall rate r
Having product of r and E,

1=5869E,T, +1.748
I=02317T, — 1.538
I=1.503E,/T, +3.139

Situation for accumulative interception
Having potential evaporation E,
Having rainfall rate r

Having product of r and E,

I=17.92E,(t - 20) + 0.032
= 03167t — 20) — 4.024
I=1.89E,(t — 20) — 1.758

CcC

0.760
0.868
0.886

0.816
0.965
0.975

Based on the experience and achievements
mentioned above, theoretical and analytical analyses
are made in this study. These analyses are designed
separately for interception processes under constant
rainfall, time series of accumulative interception
under constant rainfall, and the relationship of accu-
mulative interception to accumulative rainfall.

Using the data obtained from the Shirakawatani
experimental forested catchment and other study
areas, the interception processes are investigated by
the following relations: (1) interception rate to rainfall
intensity, (2) average interception ratio in a rainfall
event to rainfall duration, (3) total interception loss to
rainfall duration, and (4) total interception loss to
gross rainfall. Finally, the relation of aerodynamic
resistance in the Penman—Monteith equation to rain-
fall intensity is classified.

The Shirakawatani experimental catchment is
located in the western Tokushima Prefecture, Shikoku
Island, Japan, having an area of 23 ha, altitude of
740-1140 m, and an average slope of 21.5°. Three
fifth of the catchment is covered by Cryptomeria japo-
nica (21-36 years old) and the remainder is covered
with broad-leaf trees (27-31 years old). The stand is
on a brown forest soil. Rainfall, throughfall, stemflow,
air temperature, relative humidity, wind speed and net
radiation are observed.

2. Theoretical derivations

The water circulation processes on the trees are
simulated according to a ‘rainfall interception tank
model’ (Hashino et al., 1989; Yoshida et al., 1993).
Interception rate and its relation to rainfall intensity
and other variables will be discussed later.

2.1. Description of interception rate during raining
periods

Fig. 1 shows the tank model (referring to Yoshida
and Hashino, 1994). The parameter & of the storage
capacity of the canopy is supposed not to change
during the rainfall events. Evaporation from the
stems is presumed negligible. At arbitrary time ¢
during the raining periods, the water balance equation
for the canopy tank is quoted as follows:
ds
o d—E—f 2.1
where s is the depth of water storage (mm) in the tank,
r, the rainfall intensity (mm/h), d, the drip rate (mm/
h), f, the stemflow rate (mm/h), and E, the evaporation
rate from the tank (mm/h). Both drip and stemflow are
described as a function of s.

d=0 f=00=s=h) 2.2)

d=MGs—h)  f=As—h) (s>h) (2.3)

where A, and A g are parameters for drip and stemflow.
As an example, Yoshida and Hashino (1994) once got
the values of parameters for an experimental forest:
A =244h7" A3 =238h"", and h = 1.36 mm.

Evaporation rate E is described as a product of
potential evaporation E, and the depth of water
storage s as mentioned above

E= oz*Eps/h = as 2.4)

E, is evaluated by the Penman equation with micro-
meteorological data; « is defined by the after-
mentioned equation:

a= oz*Ep/h 2.5)
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Fig. 2. Interception rate i and elapsed time .

On the other hand, the interception rate i (mm/h) is
defined as the sum of evaporation and water storage
change of canopy during a short time (an hour for
example). From Eq. (2.1) the interception rate can
be described as the subtraction of throughfall and
stemflow from rainfall intensity:

i=r—[1—pr+pdl—pf=pr—pd—pf2.6)

where p is the ratio of the projective area of the
canopy to the ground. Substituting Eq. (2.6) for Eq.
(2.1), a relation between interception rate i and
evaporation rate E is obtained:

. ds
i=pE + pa 2.7

Under the steady condition, namely, ds/df = 0, i is
equal to pE.

2.2. Evaporation rate under constant rainfall

The depth of water storage s is obtained as follows:
Egs. (2.2), (2.3), and (2.4) are substituted for Eq. (2.1),
and Eq. (2.1) is integrated by ¢ under the initial condi-
tion of s =0 atr = 0. In that case « is presumed
constant. The resulted equations are written as

s=r(l—e¢ a O=t=tor0=s=h) (28)

s=h+—ah)[l —e NIy + N (1
>tqors > h) 2.9)
where A = A4 + Ag and ¢, is the time when drip and

stemflow begin.
Substituting Egs. (2.6), (2.8) and (2.9) for Eq. (2.7)

yields to
i=pr O=t=tor0=s=h) (2.10)

i = p{la(r + ah) + AMr — ah)exp[—(a + A)
2.11)
X —t)](a+A) (t>1tg0rs>h)

After sufficient time has passed, interception
processes will reach an equilibrium state. The inter-
ception rate i is given in Eq. (2.12) by substituting an
infinity of ¢ in Eq. (2.11):

i* = pa(r + ah)/(a + A) (2.12)

The fact that A > « was confirmed by the data
obtained in the Shirakawatani catchment (Yoshida et
al., 1993). Substituting Eq. (2.5) for Eq. (2.12) leads to

" + ah + ah
i :7pa(r a):pgr aa zpg(r-}—ah)
a+ A A+ 2 A
A
o'E o'E a'E r o'E
— p + Ph — p 1+ P
P (r I P\ r
_ P
= VEPV— CEpr
(2.13)

where C (= pa’/(Ah)) is a parameter mainly deter-
mined by the type of tree and canopy state, although it
is affected by micrometeorological conditions around
the canopy. Eq. (2.13) shows that the interception rate
is approximately proportional to the product of poten-
tial evaporation E, and rainfall intensity .

Interception processes under constant rainfall are as
follows: The interception rate is constant, i.e. i = pr
before drip and stemflow begin. After that the inter-
ception rate gradually approaches an asymptotic line
(= CE,r) as shown in Fig. 2. A typical character-
istic of the proposed method is that the interception
rate is not only related to potential evaporation but
also to rainfall intensity. The concept also proved
applicable according to experimental results (Yoshida
et al., 1993; Yulianur et al., 1998).

As a result, the ratio of the interception rate to rain-
fall intensity is obtained according to Eq. (2.13) and is
proportional to potential evaporation:

L —cE

; . (2.14)
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Fig. 3. Accumulative interception loss 7 and elapsed time .

The ratio on summer days is higher than on winter
days if the rainfall intensity remains unchanged. There
are two possible reasons for this difference. Coeffi-
cient C reflects partly structure of forest trees and
the canopy area of trees changes seasonally. The
canopy has more leaf area and is more active in
summer than in winter. Temperature and potential
evaporation also change from summer to winter.

2.3. Accumulative interception loss under constant
rainfall

When integrating Eqgs. (2.10) and (2.11), accumu-
lative interception loss at time ¢ can be obtained analy-
tically.

t

IZJ' prdt=prt (0=1t=1ty) (2.15)
0

I = ph+

t
J pla(r + ah) + Ar — ah)e” @™V + N)dr

Iq

B+ PO @i sy
(a+ A)?
(2.16a)
in which
« _ pa(r + ah)
' a+ A
pah(r + ah) PA(r — ah)

B = ph — 2.16b

p (a+ Mr (a+ A2 (2.160)

where [ is the accumulative interception loss, i* and B

are constant coefficients. If the rainfall intensity
increases, i" and B will also do so.
Furthermore, an asymptotic line can be defined as

I'=it+B=~ CE,t+B (2.17)

whereas parameter C is defined in Eq. (2.13). There-
fore, parameter B is the intercept of the asymptotic
line and parameter i" is the gradient of the asymptotic
line becoming steeper with rainfall intensity. The
curves of accumulative interception versus time is
shown in Fig. 3.

2.4. Relation between accumulative interception loss
and accumulative rainfall

If accumulative rainfall at time ¢ is written as R,
replacing t by t = R/r or t — ty = (R — h)/r in Egs.
(2.15) and (2.16a) shows the relation of accumulative
interception loss to rainfall.

I=pR 0=t=1ty) (2.18)
* Ar — ah) _ _
j—p+ Lp_ p(cir+ ;)Yz)e (@ VIR (4 > )
(2.19)

where I = i*/rR + B is the asymptotic line of the
accumulative interception loss, and gradient i'Ir, ie.
the ratio of interception loss to rainfall in a rainfall
event (I/R) is affected by potential evaporation as
shown in Eq. (2.14). The relations are demonstrated
in Fig. 4.
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Fig. 4. Accumulative interception loss I and total rainfall R.

3. Verification of the theories by field data

3.1. Relation between interception and rainfall
intensity

Tsukamoto et al. (1988) measured the hourly mean
value of interception rate E of a single tree in a forest,
and found that the interception rate was proportional
to rainfall intensity r when the rainfall intensity was
less than 7.0 mm/h. Yoshida et al. (1993) evaluated
hourly and total interception loss in a rainfall event
using the authors’ tank model, and found that the
mean value of the interception rate in a rainfall
event was proportional to average rainfall intensity.
Pearce and Rowe (1981) pointed out that the ratio of
the average interception rate to average rainfall inten-
sity in a rainfall event was around 0.29
(r =1.58 mm/h, i = 0.46 mm/h) in summer, while

in winter it was 0.18 (r=1.55 mm/h

_—
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Fig. 5. Average interception rate / and rainfall intensity r in rainfall
events.

i = 0.28 mm/h), i.e. much less than in summer. Yulia-
nur et al. (1998) classified the data of total intercep-
tion loss and average rainfall intensity of rainfall
events into two groups: temperatures 6 less than
10°C and higher than 20°C, and correlated them.
They found that the regression coefficient a = E/r in
the case of @ > 20°C is 1.7 times larger than that in
the case of # < 10°C. These facts prove that the inter-
ception rate could be well explained by potential
evaporation and rainfall intensity, i.e. i* = CE,r, but
not satisfactorily by potential evaporation (i* = CE,).

Data from the Shirakawatani catchment (1991-
1996) are used for verifying the hypotheses and
theories mentioned above. Average rainfall intensity
and interception rate of all events (91 rainfall events)
are shown in Fig. 5. The figure shows that interception
rate i during raining periods is closely related to rain-
fall intensity. The fact that interception rate may reach
10 mm/h is remarkably noticed. A rainfall event is
defined as a rainy period with dry periods of less
than 6 h and a dry period before and after the rainfall
event of at least 12 h.

The regression equations are shown in Table 1.
Average interception rate has a certain correlation to
rainfall intensity. for all 91 rainfall events, Correlation
coefficients (CCs) for the 91 rainfall events are also
listed in Table 1.

The correlation of the interception rate with
potential evaporation is very low, and the extraor-
dinary value of parameter such as 9.511 cannot be
explained physically. The correlation of the inter-
ception rate with rainfall intensity is high, with the
product of potential evaporation and rainfall inten-
sity even higher. In other words, the results show that
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the interception rate cannot be described by potential
evaporation only.

3.2. Relations between accumulative interception loss
and rainfall duration

Schulze et al. (1978) made a regression analysis on
accumulative interception loss I and rainfall duration
T, classifying rainfall intensity into four groups: 0.0—
1.4, 1.5-2.9, 3.0-5.9 and >6.0 mm/h. They found
that interception loss increased with rainfall intensity
when the rainfall duration lasted equally long. Hattori
et al. (1982) and Yoshida et al. (1993) carried out
analyses similar to that of Schulze. They came to
the same conclusions.

Based on these experimental facts, accumulative loss
cannot be described by potential evaporation only, but
can be described by both rainfall intensity and potential
evaporation as shown in Egs. (2.16a) and (2.17).

Eight different rainfall events were chosen in the
Shirakawatani catchment of which total rainfall and
rainfall duration were over 150 mm and longer than

200

B r >6 (mm/h) I P
® 4<r<6 7

]50_© 3<r<4 S

’ r<2 o

100

Total Interception (mm)

80 100 120
Rainfall Duration (h)

Fig. 7. Total interception loss of rainfall event and rainfall duration.
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Fig. 8. Accumulative interception loss and rainfall at elapsed time.

20 h, respectively. The relation between the accumu-
lative interception loss I and the elapsed time ¢ are
plotted in Fig. 6, with each line representing a rainfall
event. Apparently, intensive interception rate is
observed (some mm/h to 10 mm/h), even after 20 h.

Total interception loss of a rainfall event and rain-
fall duration are plotted in Fig. 7, and separated by
rainfall intensities. It is apparent that total interception
loss increases with rainfall duration and intensity.

The results of regression analysis among total inter-
ception loss, potential evaporation, and rainfall dura-
tion are shown in Table 2. Two situations are
considered: (1) total interception loss of a rainfall
event with 91 samples; (2) accumulative interception
loss at arbitrary time during the heavy rainfall events
with 745 samples. The effect of average potential
evaporation E,, average rainfall r and average E,r
on the CC is considered. The CC proves to be largest
when both potential evaporation and rainfall intensity
are considered in either situation. The suggested Eqs.
(2.16a) and (2.17) prove to be acceptable.

3.3. Relations between accumulative interception loss
and total rainfall

The relation between accumulative interception
loss and total rainfall of the above-mentioned eight
rainfall events at different temperature is shown in
Fig. 8. The accumulative interception loss in a rainfall
event increases linearly with total rainfall, and the
gradient becomes steeper when temperature rises.

Total interception loss and rainfall during a rainfall
event is shown in Fig. 9. These figures confirmed the
applicability of Eq. (2.19), i.e. I" = CE,R + B.
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The field data used in Table 2 are also applied to
obtain regression relations of accumulative intercep-
tion loss to total rainfall. The results are listed in Table
3. The product of total rainfall and potential evapora-
tion results in the most satisfactory CC.

The results obtained are summarized as follows:
interception processes cannot be described by the
hypothesis of E = CE,,, i.e. evaporation rate from
canopy is proportional only to potential evaporation.
However, Eq. (1.4), i.e. E = CE,r recommended in
this study describes the above results satisfactorily.
Thus, the interception rate is proportional to both rain-
fall intensity and potential evaporation. The suggested
theory has been examined by field data obtained in the
Shirakawatani catchment.

4. Relation between aerodynamic resistance in the
Penman—-Monteith equation and rainfall intensity

Stewart (1977), Hattori et al. (1981, 1982), Hattori
(1985), and Lindroth (1985) reported that the evapora-

Table 3
Regressions of accumulative interception to rainfall

tion rate from wet canopy was higher than the one
from dry canopy under the same radiation, and the
evaporation rate from wet canopy sometimes exceeds
effective or net radiation, and is higher several times
than the above-mentioned radiation. Hattori (1985)
observed interception loss and meteorological para-
meters in forests. He identified the parameters in the
Penman—Monteith equation and the Rutter model,
and obtained hourly interception rates in a range of
0.0-0.8 mm/h. The interception rates above 0.2 mm/h
almost exceeded the effective radiation. As a result,
the ratio of sensible heat to latent heat becomes minus.
Mizutani and Ikeda (1994) also reported a negative
sensible heat during rain events. However, the ratio
should not become negative, if the vertical energy
balance was correct. Thus, these results show that
the horizontal heat exchange is not negligible.

Rainfall events lasting longer than 20h are
collected in the Shirakawatani catchment. Average
and standard deviation of hourly net radiation (unit
of mm/h), Penman potential evaporation, interception
rate, and rainfall intensity are listed in Table 4. CCs of
interception rate to other items are also listed.

The average interception rate is higher than the
average net radiation and Penman potential evapora-
tion. The interception rate is correlated closest to rain-
fall intensity.

The result that the interception rate exceeds net
radiation has never been confirmed or interpreted by
the traditional theories based on vertical energy
balance. It is thought that a horizontal heat advection
result in or contribute to the strange phenomenon, and
this advection or heat transfer should be connected
with wind and aerodynamic process. Therefore in
this paper, the Penman—Monteith equation is consid-
ered to estimate interception evaporation, and some

Situation for total interception

Only potential evaporation E,
Only rainfall R
Product of R and E|,

Situation for accumulative interception

Only potential evaporation E,
Only rainfall R
Product of R and E|,

1 =5.869E,/FR + 1.748
1=0231R — 1538
I=1.508E,R + 3.172

I =17.92E,/F(R — Ry) + 0.032
I =0316(R — Ry) — 4.024
1= 1.894E,(R — Ry) — 1.798

CcC

0.760
0.868
0.888

0.816
0.965
0.975




M. Hashino et al. / Journal of Hydrology 255 (2002) 1-11 9

Table 4

Averages and variations of interception, rainfall rate and potential evaporation (mm/h)

Interception Rainfall Net radiation Penman E,
Average (mm/h) 0.71 3.30 0.20 0.16
Standard deviation (mm/h) 1.38 5.04 0.17 0.12
CcC 0.834 0.000 0.000

efforts are made to try to explain the phenomenon of
the extensive interception rate during rains. The
Penman—Monteith equation for a wet canopy (the
surface resistance or stomatal resistance for wet
leaves is negligible) is written as

p.Coled(0) — e,]

A
=—R— G+
Mo (=9 A+ yr,

Aty 4.1
in which Ey, is the evaporation rate (in unit of kg/s m?)
from the wet canopy surface, A the vaporation
constant (J/kg), Ry the net radiation (J/s mz), G the
heat transfer (J/h mz) into ground soil, p, the air
density (kg/m?), C, the specific heat constant of air
(J/kg K), e,(0) the saturated vapor pressure (hPa) for
air temperature 0 (K), e, the vapor pressure (hPa), r,
the aerodynamic resistance (s/m), A, the gradient of

saturated vapor pressure versus temperature
(hPaK™"), and v, the psycrometer constant
(hPa K.

The aerodynamic resistance r, is one of the most
important parameters related to evaporation Ey;
during rainfall. The interception rate (i*) during
rains can be thought to be equal to the evaporation
rate (Ey). The interception rate is estimated by Eq.
(2.13). Therefore, combining Eq. (4.1) for Ey; and Eq.
(2.13) for i* yields the following relation:

ro= pan[es(e) - ea]
oA+ VACE,r — ARy — G)

4.2)

Substituting the Penman equation of potential
evaporation (4.3) for Eq. (4.2)

AE, =
P A+ y

(R = G)+ gy f@le® = el

(4.3)

where f(u) is an empirical function of wind speed u.

The following relation is obtained:

- pan[es(e) — el

Y ARN — G)(Cr — 1) + Y (w)Crle() — e,
4.4)

This relation shows that the resistance during rain-
fall is related to the radiation Ry — G, deficit vapor
pressure e () — e,, wind speed u, and rainfall inten-
sity r. When the rainfall intensity increases, the resis-
tance will decrease, and then evaporation will get
intensive. This relation partly explains the occurrence
of extraordinary values of interception rate exceeding
the effective radiation, although exact theoretical
interpretation still needs further research.

Defining the special resistance in the case of i =
E, = (Ry — G)/A as ry, and r,. is obtained by substi-
tuting Cr = 1 for Eq. (4.4):

_ PGy
Fac ~G0) 4.5)

A non-dimensional resistance is obtained from Eqs.

(4.4) and (4.5):

Ta 1

P ARe —G) (4.6)
——(Cr— 1)+ Cr
Y Wles(0) — e,]

If there occurs horizontal heat transfer, it produces
additional evaporation, i.e.

Cr=i/E, > 1; the ratio r,/r,. is less than 1 as
defined in Eq. (4.6). Usually, the horizontal heat
advection occurs during rain, which results in a
large value for Cr resulting in a large value for r,
(maybe much larger than r,.). This will produce a
small resistance and a big evaporation rate.

5. Concluding remarks

The authors had already reported that the evaporation
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E from intercepted water was proportional to the
product of potential evaporation E, and intercep-
tion water storage s. However, the relation between
evaporation and rainfall intensity and meteorologi-
cal parameters had not been clarified yet. In this
research, the relations between interception rate
and both rainfall intensity and potential evapora-
tion were derived from a canopy tank model,
which takes water storage on canopy into consid-
eration. Interception rate i is proportional to the
product of rainfall intensity r and potential
evaporation E,. The relation of accumulative inter-
ception loss 7 in a rainfall event to rainfall duration
T, is dominated by the average rainfall intensity,
the relation of accumulative interception loss to
the total rainfall is affected by the average tempera-
ture, i.e. potential evaporation during raining
periods.

The above-mentioned results were tested with field
data from the Shirakawatani experimental forested
catchment. The extraordinarily high interception rate
during heavy rainfall events cannot be described by
the vertical energy balance. The proposed expression
of aerodynamic resistance used in the Penman—
Monteith equation, by including the rainfall intensity,
might partly explain this phenomenon.

This study shows that the horizontal heat transport
might be an important contribution to the interception
rate during rains, and this contribution should not be
neglected.
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