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Tablel. H% # o & 28 & ®W

Meteorogical conditions of the Hinoki stand

: £ &
' Month | Totat
® B tlz 345|678 |90z 28
Item i Mean

Precipitation (mm) 68, 1 13.7157.6112.4;7;3.8189.0239.3118.1167.3151.8110.0 41.4| 1,542.5

¥ B &R &
~Mean air 2,3 1.2 4.2 9.7/ 15,9 19.9] 19.4] 19,9 19.1| 13.9] 8.6 3.7 11.5
temperature (°C)
= - ;
Max. air 6.2 5.4 8,31 14.2 20,5 23.5] 23.1| 22,9 21,9 17.6| 12,6, 7.3 15,3
temperature (°C)
Min. air —1.51—2,9 0.1 5.3/ 11.3][ 16,3 16,9 17.0 16.2 10,1] 4,6/ 0.1 7.8
temperature_ C)
Wind velocity 1,80 1.80 1,82 2.00 2,00 1,70/ 1,24 1,43 1.60[ 1.50 1,44/ 1.75] 1,67
(m/sec) : :
H ﬁﬁﬂ# ]
Sun shine hour 6.3 8.3 6.9 7.2 8.4 7.4 6.0, 6,0 57 6.2 6.2 5.3 6.7
(hr)
L] 1 >
- q o 2 > Ta 2 1 f: :123
’E‘ 0 3> x> 2 r = 3.5
‘510' B 4> 1rm>3 or=2.5
— * Ta > 4
%:] = 5 O r = 1.5
g)-; o)
o ° © ¥ =0.17
c ) - /
=
a
[
g s
D
:C" N
.
b
o ¥ . .
0 5 10 15 20 25 30 35 40

FETHKEERSM  t (20min)
Rainfall duration

Fig. 7. FHRRmmRER O Bk & ElT R
Reinfall duration and interception loss in each average
rainfall intensity.
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ELIRROICHESE, 0% B0, Chid, BHCIDERMPRVBRZCENRE DD, MHE
AMEINTND, —HRCEORFkENSECENE S OBRRIZ, Fig 7 K BIRIHREOKEIC
T—TRLIEBDTH B,

PEAEEE 7o 22 1mm/20 min DITOBFICD0TIY, #EWE X P; tHE ¢ SRR BIIREELR
D, TP:;=0.17¢t EVSHEEME LN, < OHRE 0.17mm/20min 25, BKEWRE P it 56D
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PR EMAALETN BT L6, WHIRMIET 2 L5 MEAIE, BRKRREEDIHE S
NAERHS D, W P, BEKCEHRSNEC LIS, L, BREORRICLD, FERORES D
LT, BEHXITOREREC STV HBETS, BOBRMMRL TV EEAONIBELEDT, B
TR EE L, ¢ P 2R B &, Peid 0.07~0.09mm/20min BEEHED, 1BHEEED T
2, 0.20~0.26mm BEDHELEE S, CORFTITHOMEBHOESRE, (6) Rick-TESNS P,
@ DV TIE, BRMRENOE DL, FFRISHRICESCHBAE LT, 4BRET24ENS S,

3. TR LSRR \

(6) AT, Po 2 EBRBREICESOTHEL, P, KHEED 0.17mm/20 min % F{L, {ZFEER

PERERNIC @ OEEED BREICK > TR, #RIE, Fig. 8 KWRTEBD T, ¢ OHIT, FEERH

oF

HIEFES o Extinction coefficient

0 T : x - —— x —

0 1 2 3 4 5 6 7

FHRETIEAE  ra (mm/20min)
Average rainfall intensity

Fig. 8. PHEBMAE L BERKO BE

Relation between rainfall intensity and extinction coefficient. :



— 114 — HEARETIRHE $3245

B 3mm/20 min FRETIE T D FALHE
{, 3mm/20min % Z A7z L2 A» D N
TAERRS LNhB, £LT,
SRR R BE
73<38.0mm/20min T a=0.6

101

74=3.0mm/20min T &=0.27,
EBVTHET 2 Lt
4. EBETRELRFMRETRR
(6) XD P, ic 0.17mm/20min %L,
a3, r<3.0mm/20min T 0.6, r=3.0
mm/20min T 0.27 B %, Py RREED

WHIRE Pi Interception capacity
w

a0

"o s T,  EWRMEr O MIEEWERL 5 AHEL
& M time t (mm/20min) EICE S Py ofhifsax Fig. 7 108
Fig. 9. e o W= dh 2 i L7, Fig. 7 T, EHiBROZEC » O

Recession curve of interception capacity.
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(6) RD TP, DB, €D Pt ZHRVISUHBORERELELONSY, Fig. 7 THLND
koL, t=6H D TEDHEMMBILES, T P; ORHRIE Pet D& IZTEITIRIE B,

ZDHA, Pt ZHRABLOBEAMBER 4mm BE LB -T2, ZhdDozidhd, HEOEKREH
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JERICH LTODNSBHEEEERLTOZ XS ICEL OGNS, &7, Fig. 7 THLONBXSIL, —&
W LOFGENBE R 1~2mm UTOHESE L, ChSHEIOTHE LRERRR, BRINK
RETOBERBEIRAD DI, ChoMRPS® ORERLTVEENILIKEL NS,
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Fig. 10 Tk 5,
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Estimation of the Net Rainfall in a Hinoki Stand

Hiroei Cmikaarasmi® and Shigeaki Harrori®

Summary

A hydrological process of rainfall interception by canopy, which partly lost by evaporation
and partly reaches the forest floor as throughfall or stemflow, was analytically studied in
process of time, with the data observed in the planted Hinoki (Chamaecyparis Obtusa Sies. et
Zucc.) stand.

1) The experimental plot was situated in the national forest near Iwase-cho in Ibaraki
prefecture. The area of the Hinoki stand is 4.5 ha, 29 years of stand age, 11 m in average
stand height, 16.1 cm in average D. B. H., about 140 m3/ha in volume, dense crown density, and
of satisfactory crown closure,

The average altitude of the stand is from 250~350 m above the sea-level and about 270 m
at the center of the plot. The slope is 11° and the average bearing N 45°E.

The geology on the surface is granite and the forest soil is Kanto-roam, classified Forest
brown soil Ba. Thickness of the soil is 1cm in Ay horizon, 20~30cm in A horizon, 60 cm in
B horizon, and thick C horizon.

2) Precipitation was observed at the adjacent weather station with a 200 mm totalizer
rain gauge together with the same diameter recording rain gauge.

The net rainfall was observed at the plot of 4.5 X 6.5 m, at the center of the stand. Through-
fall was measured by 3 iron troughs, 20 cm in width X 512cm in length each and stemflow
was measured by the head band type collector on all trunks in the plot. Each of the rain
water was recorded by the water-level recorders equipped with automatic drainers.

Observation were carried on since Nov. 1979 and the data from Jan. to Dec. 1980 were
applied in the study.

3) Interception loss of canopy P; is as follows, when the actual observations of precipi-
tation is P, throughfall Py and stemflow is Pg.

P1=P—(PT+Ps) .............................. (1)

As rainfall interception is due to the temporary storage and release of rain by canopy,
its function is similar to infiltration of forest soil.

That is, interception loss is equivalent to the component in the infiltrated water which is
lost through evaporation and do not enter to runoff. Net rainfall is equivalent to interflow
and ground water flow.

When the interception loss in a given time is interception capacity P; (mm/hr), and the
interception loss in long duration rain is final interception capacity P, (mm/hr), & at the be-
ginning of rain is initial interception capacity P, (mm/hr), & extinction coefficient of intercep-
tion capacity is @, we can obtain P; from P, P, and « as the following equation,

Pi=Po+ (Po—Pe st s (2)
where ¢ means elapsed time.

In this equation, when the canopy is dry, Py can be replaced by the average rainfall in-
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tensity and the direct rainfall ratio @, as Po=(1—a)7,. P, and « can not get directly from
the observed data.
Accordingly, P; is integrated by elapsed time ¢, and the following equation is obtained.

ZP1=Pct+PO;Pc(1_e_"t) .............................. (3)

Simultaneously, as 3 P;= P;, P, and a are estimated stochastically.

As a result, P, was 0.17mm/20 min when unit time is 20 min, &« was 0.6 when rainfall
intensity is less than 3 mm/20 min and 0.2, when rainfall intensity is over 3 mm/20 min, and
7, is average rainfall intensity of unit time (mm/20 min).

4) When rainfall is interrupted, as interception capacity P; recovers, its process is con-
siderd from mutuality of interception capacity and timely change of interception storage.

When interception storage is W;, saturated interception storage is W, storage after the
successive drought is 0, and interception capacity is P, we get following equation.

Pi=Pc+(P0W_,PC) (WJ—Wi) .............................. (4)

W:>W;i;>0

Further, when interception storage forms a recession curve of exponential function by

elapsed time ¢, and extinction coefficient is 8, then
Wi=Wpe B i (5)

According to the stochastical analysis, as increase trend of X P; in the equation (3) be-
comes dull as rainfall intensity is higher and forms a limit around 4 mm of 2nd term of the
equation excluding P.-f, we take this 4mm as W.,.

As g is difficult to calculate directly from the observed data, it was estimated by the
simulation method considering the depression process of interception capacity, with the data
which contain rainfall interruption.

With some irregularity due to the inaccurate observations, the average value 0.3 was
obtained.

5) Effective net rainfall was estimated from precipitation in time series # (1~n), P, Wy,
@, 8, and initial interception storage of canopy Wi.

This is considered that effective net rainfall reached the forest floor with a given time lag.

6) The hydrological process of running interception storage (temporary storage), which
reaches forest floor as drip and stemflow, was calculated with runoff function.

When effective rainfall in unit time is f-7, net rainfall of a given unit time P,y is calcu-
lated as follows,

th Pnr= ngr{l—e_“(lt-Fl)}dt .............. N (6)
1

t=ty
where 0<¢t<to
ta tg
3 Pur= \ fr{e*“’ (At’+l)—e_“(l\t+l)}dl ......... arereiiiiiiiees &)
1

t=ty
where ¢/ =t —t, and =4,
and this A decides the time distribution of net rainfall on the forest floor. The value of A=7
was obtained from the analysis of gradually approximation method of W. T. Collins, with the
observation data of precipitation and net rainfall.
7) It is clear that the reasonable agreement was reached in estimation of net rainfall as
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time series with effective precipitation and runoff function method, as compared with the
actually observed data.
Consequently, if we obtain the necessary hydrological factors, we can estimate the rainfall

of time series from that of the precipitation.




