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(16)

Table 2-1 Biomass of the hinoki stand (ton/ha)

stem branch leaf corn total

122.9 14.9 12.7 0.6 151.2
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37°N

Figure 2-1 Location and map of the experimental forest
% : observation tower, [J: interception plot,
B: weather station, o: soil evaporimeter,
o : PAN evaporimeter, A: tensiometer
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Figure®'2-2 Meteorological conditions of the .experimental

Month

site(1980~1982)
ee----Maximum,

Mean, —-———Minimum



Table 2-2

( 21)

Instruments in weather station

Factor

Type

Specification

Wind direction

Wind speed

Temperature

Relative humidity

Duration of
sunshine

Rainfall

wind vane

three-cup and wind-
run anemometer

bimetal thermometer

hair hygrometer

bimetal heliograph

tipping-bucket
raingage

16 directions

one pulse

accuracy

accuracy

sensitivity

one pulse

»
-

i +

300m wind-run

1.0 ¢

5 %

: 0.4 cal/min cm2

0.5mm




22

BN TEHE AL
 Hmr s R LR 83 T F\ B S 1y ’a *‘;

1% o R ?ﬁ 351 1@113 25“7 o i% J%M% j 5&:;-5%45

iﬁf”g;% % L . FBITGE /5% m&z:m & 7 R s %

Lv. Ba# 355”1% cRb e W)L f R T

tv

AN
;%’i,_fai,@;,zm_i;__zw‘,‘_m_#w ¥ ﬂ Tz M3 T & 3, &
"

!1‘ 75‘ ? % g“ T T t_y t‘} )ﬂ(@’u& /Gt ~ 2.0 ,,m/’f"*"* 9

PR ERY TENRE N T

ERma @i cn e BT RSB

HERN s ED i 4R ~10R 3 ."?’T*" L ,ﬁ,ﬁ.'* A

M. 4a ita ﬂ_w“c“ 3 iL @ 15 L < 13 cﬁ\ o 0 L’%

AL, %o, JF‘JZ’\‘@"I.A%Z&»% PR
N‘lDEF\'l;/Q*. V/\/\_EE%EJ)‘E{'H Cg’]«—ﬁ]mm)ﬂn

gk(’]l"f'd.% krfnaza

\aﬂaa—rﬁll fﬂ‘*‘%\fd‘:_{ 960%‘}‘5} %f
RO IO Y Er T OV T

élﬁ%%@mm%a;mmny<;3%m;

_{%'f;}/fo# s mm'f&a 7; ?’# "F?w/a: / /'] £k 2 R ¢t h?

e i- 44.» § 1) #% f;_ 0“7“ ¢.> ’Y‘& 2;, 73 @ ’EI"}W“"‘“II ﬁi"";

T YL :q%*“r R

IH C 151




Figure 2-3 Seasonal variation of wind direction
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Table 2-3

Physical properties of the soil layer

- Depth

Texture

40-42

~ Horizon Color Structure Coarse Fine Total Water Air Saturated
porosity porosity porosity max. min. conductivity

{cm) (%) (%) (%) (%) (%) (cm/s)
0- 4 Ay 7.5YR2/1 Gr 46.4 39.8 86.2 80.6 5.6 1.5%10"2
10-14 A,  7.5YR2/2 Gr 42.2  39.3 81.5  78.7 2.8  7.0x1073
20-24 A - 7.5YR2/3 Gr 41.8 39.8 81.6 76.7 4,9 3.3x10°3
"30-34 B 7.5YR4/3 Bk 37.9 43.9 81.8 77.9 3.9 4.1x10°3
B 7.5YR4/4 Bk 36.7 46.5 83.2 77.0 6.2 6.9x10>

(s2)
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Figure 2-4 Schematic diagram showing installation
of sensors

Q: pyranometer, R: net radiometer,
T: wet- and dry~bulb thermometer,

w: anemometer, f: heat flux plate
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(28)

Table 2-4 Instruments for micrometeorological mesurement

Instrument Specification
Anemometer three-cup generated type, range of sensi-
tivity: 2-60m/s, accuracy: *0.5m/s(below
10m/s)
Pyranometer spectral range: 0.29-3.0ym, sensitivity:

6.8mvlca1.ém?min, response time: 3.8 sec,

accuracy: below *2.5 %, thermocouple: copper-

constantan

Net radiometer spectral range: 0.3-30um, response time:
12 sec, sensitivity: about 30mV/kw'm2,
accuracy: X5 %, thermocouple: copper-

constantan
Wet- and dry-bulb ventilated type, sensor: Pt-resistance,
Q -]
psychrometex range: =10 ¢ - +40 ¢, 20 - 100 % R.H.,
-]
accuracy: 0.3 ¢, 2.5 % R.H.
Heat flux plate range: 10 - 103Kca1/m2°h, sensivity: 0.02

mV/Kcal-mz-h, internal resistance: 3008,
[+]

thermal conductivity: 0.0075 c-mzh/Kcal,

size: 80mm{L)x20mm(W)x1l.5mm(H)
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( 31)

Figure 2-5 Crown cover map of the interception

plot and the arrangement of throughfall
troughs

Tr : throughfall trough
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///xfiller
//// silicone wire
z tube

\U ;

PVC pipe

[~

™ vinyl tube

Figure 2-6 Device to measure stem flow
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Figure 2-7 Diagram of soil evaporimeter
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Figure 3-2 Seasonal variation of various radiation (1980)

Qext: extra-terrestrial radiation, Lt, L{: upward
and downward long-wave radiation, Q: total short-
~wave radiation, Rn*: net radiation in daytime,
Rn: net radiation, Qref reflected shor-wave radi-
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Table 3-1 Values of the parameters (ag,bg)

in Eqg. (3~5) on sunny days (1980)

and the correlation coefficients

May 24

ag 1.059 l;394 0.842 2.200 0.750 0.845 0.811 0.581 0.701 0.853 0.561 0.401
bg -0.757 -0.817 -0.634 -0.861 -0.506 -0.510 =-0.524 -0.442 -0.552 -0.584 ~0.541 ~0.480
- r -0.960 -0.730 -0.810 -0.890 -0.838 -0.778 ~0.833 -0.842 ~0.866 ~-0.833 -0.849 ~0.564

(45
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Figure 3-5 Albedo versus clearness index defined by
equation (3-6)
o: rainless days, e: rainy days
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Table 3-2 Regression analysis between Rn and Q in daily base (1980)

1=a - 0.905

Jan. Feb. Mar. Apr. May Jun Jul. Aug. Sep. Oct Nov. Dec.

éé a 0.2#0 0.527 0.607 0.668 0.648 6.762 0;7647 0.752 0.716 0.557 0.395 0.216
‘bg 4.38 -29.84 -6.94 1.22 6.17 -12.22 5.02 8.94 -1.30 6.60 -0.28 -2.83
"¥ 0.600 0.832 0.963 0.980 0.978 0.955 0.990 0.995 0.973 0.921 0.791 0.551
0.901 0.900 0.903 0.890 0.883’ 0.885 0.880 0.883 0.893 0.900 0.903

“ay, by : constants, r : correlation coefficients, a

: monthly mean albedo

(52)
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Net radiation in daYtimé (ly/day)
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Figure 3-11 Relationship between net radiation in daytime and
total short-wave radiation on daily basis (1980)
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Table 3-3 Regression analysis between Rn* and Q in daily base (1980)

Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

aj | 0.717 0.775 0.791 0.811 0.774 0.840 0.830 0.859 0.886 0.825 0.764 0.753

; bg -0.44 -5.58 -4.95 -0.79 -0.71 -4.15  -1.99 -5.36 -12.42 ~5.52 -0.74 -3.36
r 0.993  0.99%6 0.998 0.997 0.994 0.997 0.998 0.996 0.998 0.995 0.995 0.995
’l—E:_ 0.905 0.901 0.900 0.903 0.890 0.883 0.885 0.880 0.883 0.893 0.900 0.903

| asy, b3:kcanstants, r: correlation coefficient, a: monthly mean albedo
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(Kcal cm™?

20.36

Table 3-4 Radiation balance over a hinoki stand month™ )

1980 : ; :
Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. oct. Nov. Dec. Total
Q 6.96 9.35 9.21 9.66 11.95 10.20 8.33 8.34 7.18 7.97 6.28 6.11 101.54
Qref - 0.66 0.93 0.92 0.94 1.32 1.19 0.96 1.00 0.84 0.85 0.63 0.59 10.83
. Qabs 6.30 8.42 8.29 8.72 10.63 9.01 7.37 7.34 6.34 7.12 5.65 5.52 90.71
_Rn 1.81 4.11 5.32 6.48 7.93 7.40 6.52 6.52 5.11 4.64 2.47 1.03 59.34
Rn* 4.96 7.13 7.21 7.75 9.19 B.26 6.85 7.00 5.99 6.40 4.78 4.51 80.03
‘In ~4.49 -4.31 -2.97 -2.24 -2.70 -1.61 -0.85 -0.82 -1.23 -2.48 -3.18 -4 .49 -31.37
L4 16.95 15.44 18.36 20.76 23.18 24.83 26.62 26.56 25.07 23.02 19.90 17.47 258.16
,L+ 21.44 19.75 21.33 23.00 25.88 . 26.44 27.47 27.38 26.30 25.50 23.08 21.96 289.53
Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Total
Q 7.84 7.26 9.88 11.22 12.17 7.07 10.77 11.00 8.59 7.96 5.68 6.13 105.57
v’Cmef 0.75 0.75 0.98 1.19 1.35 0.85 1.28 1.31 0.96 0.85 0.58 0.63 11.48
’”Qabs ' 7.09 6.51 8.90 10.03 10.82 6.22 9.49 9.69 7.63 7.11 5.10 5.50 94.09
~Rn 2.21 ©3.19 5.61 6.68 8.21 5.42 7.94 7.68 5.62 4.35 1.99 1.07 59.97
- Rn* 5.96 5.43 7.54 8.60 9.28 5.68 8.43 8.53 6.56 6.22 4.21 4.52 80.96
| In -4.88 -3.32 -3.29 -3.35 -2.61 -0.80 -1.55 ~2.01 -2.01 -2.76 -3.11 ~-4.43 -34.12
L+ 15.48 15.34 18.55 19.36 22.17 24.00 26.52 26.03 23.68 22.21 18.65 17.17 249.16
CIs 18.66 21.84 22.71 24.78 24.80 28.07 28.04 25.69 24.97 21.76 21.60 283.28

Q : total short-wave radiation, Qref : reflected short-wave radiation, Qabs : absorbed short-wave radiation,

"Rn : net radiation, Rn* : net radiation in daytime, In :
“radiation, It : upward long-wave radiation

effective long-wave radiation, L+ : downward long-wave

(z8)
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Figure 3-12 Seasonal variation of Ln/Q(1980)
Q: total short-wave radiation,
Ln: effective long-wave radiation,
Numbers in the figure represent month.
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Figure 3-13

Effect of albedo on net radiation absorbed
into plant communities

l: pine forest, 2: woodland on sand-dunes,

3: open oak-forest, 4: evergreen maquis-scrub,
5: herbaceous perennial, 6: desert, 7: orange
orchad, 8: fish pond, 9: coniferous forest,

10: arable land, 11: grass land, 12: bare land,

13: hinoki forest

o: Baumgartner(2), e: Stanhill and others(85),
#: Hattori(27)
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Figure 4-1 The relations between rainfall’and throughfall,
stem flow and interception’ ‘
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Table 4-1 Monthly variation of interception and percentage interception
1980
Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Total
(1) Rainfall {mm) 68.1 13.7 157.6 112.4 173.8 189.0 239.3 118.1 167.3 151.8 110.0 41.4 1542.5
(2) Throughfall (mm) 45.3 5.5 111.9 83.5 118.1 128.1 170.8 78.5 108.5 101.7 68.7 23.6 1044.2
(3) Stem flow (mm) 5.2 0.0 16.8 11.9 18.1 20.7 25.1 12.4 20.3 20.1 14.4 4.4 169.4
{4) Interception (mm) 17.6 8.2 28.9 17.0 37.6 40.2 43.4 27.2 38.5 30.0 26.9 13.4 328.9
(5) (2)/(1) (%) | 66.5 40.1 71.0 74.3 68.0 67.8 71.4 66.5 64.9 67.0 62.5 57.0 67.7
(6) (3)/(1) (%) 7.6 0.0 10.7 10.6 10.4 11.0 10.5 10.5  12.1 13.2 13.1 10.6 11.0
(7 4)/1) (%) 25.9 59.9 18.3 15.1 21.6 21.2 18.1 23.0 23.0 19.8 24.4 32.4 21.3
1981
Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Total
(1) Rainfall (mm) 3.1  35.9 110.2 168.4 169.5 106.1 117.9 138.8 127.3 293.5 62.7 3.0 1336.4
(2) Throughfall (mm) 0.3 20.4 73.7 116.2 108.4 57.0 76.4 80.0 83.1 204.1 40.9 1.5 862.0
(3) Stem £low 0.0 1.0 13.8 24.4 24.9 10.4 9.2 17.9 12.4  40.0 7.5 0.0 161.5
4) Iﬁférceﬁtion {mm) 2.8 14.5 22.7 27.8 36.2 38.7 32.3 40.9 31.8 49.4 14.3 1.5 312.9
(5) (2)7(1) (%) 9.7 56.8 66.9 69.0 64.0 53.7 64.8 57.6 65.3 69.6 65.2 50.0 64.5
{6) (3)/(1) (%) 0.0 2.8 12.5 14.5 14.7 9.8 7.8 12.9 9.7 13.6 12.0 0.0 12.1
90.3 40.4 20.6 16.5 21.3 36.5 27.4 29.5 25.0 16.8 22.8 50.0 23.4

(96
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Figure 4-2 Determination of canopy storage capacity
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Figure 4-8

Structure of the canopy interception model

PG: gross rainfall, P free rainfall,

F:

PD: drainage( the sum of drip and stem flow),

PN: net rainfall, Sgat: storage capabity,
C: storage, EP: potential evaporation calculated
in Eq.(2-11), E

rainfall

I’ evaporation of intercepted
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Table 4-2 Seasonal variation of evaporation of intercepted rainfall (1980)

Mean
Jan. Peb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. or
Total
: Numbér of rainfallg - 2 2 4 4 B 4 9 11 12 8 6 6 74
~'Mean intensity of 2.2 1.2 2.4 1.3 1.3 1.5 2.5 1.1 2.7 2.7 1.5 0.9 1.9
rainfall (mm/hrx)
‘Mean duration of 8.5 2.8 11.4 17.0 12.8 8.6 11.6 9.5 6.9 11.1 12.9 5.8 10.0
_rainfall (mm/hr)
, Mean»duration of 6.5 11.0 3.1 5.4 3.8 4.3 7.0 5.9 4.4 5.4 3.8 3.3 5.1
. drying (hr)

~Mean evaporation rate 0.19 0.07 0.11 0.19 0.19 0.28 0.17 0.14 0.25 0.16 0.27 0.18 0.19
“{(mm/hr)

- Evaporation rate 0.19 0.12 0.09 0.21 0.19 0.36 0.19 0.20 0.42 0.15 0.38 0.35 0.25
during rainfall (mm/hr)
Evaporation rate 0.18 0.06 0.20 0.14 0.23 0.18 0.21 0.11 0.14 0.13 0.17 0.15 0.16

’ after rainfall (mm/hr)

‘kRainfall stored on the 1.00 0.60 0.62 0.64 0.55 0.69 1.22 0.69 0.60 0.63 0.58 0.42 0.69
canopy at the end of
rainfall (mm/hr)

(977
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Table 5-1

Watwe holding properties of the Ap layer

(1) (2) (3) (4) (5) (6)
Thickness Dry-matter Max. i Max. Max. capacity Max.
weight water-holding water-holding per dry-matter water-content
weight capacity weight (3)/(2)
(4)/(2)
(cm) (9) (9) (mm) (mm/qg) (%)
1.0 84.0 189.0 2.1 0.025 225.0

(L er)
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Figure 5-1 Drying process of the Ag layer
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TTrEB1e 5=2 TMONthly VATriidtion of evVaporation from the forest floor

1980
Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Total
(1) Net radiation on 5.8 11.0 15.0 17.3 20.4 18.7 17.4 17.6 14.0 12.1 7.5 3.9 160.7
the forest floor (mm)
{2) Heat flux in the -4.5 -3.4 =1.0 1.2 3.7 4.1 3.4 3.0 -0.4 -1.8 =-2.3 -5.1 -3.1
ground (mm)
(3) Effective radiation 10.3 14.4 16.0 16.1 16.7 14.6 14.0 14.6 14.4 13.9 9.8 9.0 163.8
(mm)
(4) Evaporation from pan 14.0 11.6 9.7 10.8 6.0 6.9 10.8 14.3 12.4 14.8 111.3
evaporimeter (mm)
{5) Evaporation from the 9.4 9.3 8.7 8.9 9.9 10.0 11.6 10.8 12.9 17.2 15.1 13.4 137.2
forest floor (mm)
(6) (5)/(1) 1.62 0.85 0.58 0.51 0.49 0.53 0.67 0.61 0.92 1.42 2.01 3.44 0.85
{7y (5)/7(3) 0.91 0.65 0.54 0.55 _0.59 0.68 0.83 0.74 0.90 1.24 1.54 1.49 0.84
1981 1982
Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Total
(1) Net radiation on 14.8 15,5 9.5 8.8 6.9 7.3 15.1 17.6 22.8 19.4 17.8 19.4 174.9
the forest floor (mm)
(2) Heat flux in the -1.0 -3.0 -3.2 -2.9 -3.2 -=2.7 0.3 0.7 2.2 3.3 3.1 3.5 -2.9
ground {(mm)
(3) Effective radiation 15.8 18.5 12.7 11.7 10.1 10.0 14.8 16.9 20.6 16.1 14.7 15.9. 177.8
{mm)
(4) Evaporation from pan 10.0 13.4 13.8 13.5 17.6 19.2 13.6 9.6 7.4 118.1
evaporimeter (mm)
{5) Evaporation from the 12.9 15.5 10.3 7.0 6.9 7.9 8.9 10.3 16.2 9.8 8.4 7.2 121.4
forest floor (mm)
6) (5)/(1) 0.87 1.00 1.08 0.80 1.00 1.08 0.59 0.59 0.71 0.51 0.47 0.37 0.69
(7) 0.82 0.81 0.60 0.68 0.79 0.60 0.61 0.79 0.61 0.57 0.45 0.68

(5)/(3)

0.84

(1 #%1)



Net radiation on the forest floor

(ly/day)

(714 2)

0 100 200 300 400

Net radiation above the canopy (ly/day)

Figure 5-2 Relationship between the net radiation
on the erest floor and that above the
canopy
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Table 5-3 Comparison of evaporation within and outside the stands

Forest Precipitation Evaporation Evaporation (3)/(2) (3)/(1) Stand
- meteorological outside stand within stand
" station
(rmom) (rom) (mm) (%) (%)

Numakunai 1105.6 1053.2 224.7 21.3 20.3 C
- Nikko 2363.0 800.9 376.3 47.0 15.9 o)
+ Ikaho 1942.3 1070.4 . 313.6 29.3 16.1 C
- Ikaho 1942.3 1070.4 287.7 26.9 14.8 Qu, Ca
»Myogi 1811.6 931.7 322.8 34.6 17.8 Cc
txatsuyama 2500.0 1119.8 448.4 40.0 17.9 P
~Taikisan | 2388.4 1070.1 329.8 30.8 13.8 Qu
‘mékﬂzﬁaﬁmwab 1823.8 1022.9 286.0 28.0 15.7 C, Ch
Syuzan 1673.4 982.6 147.5 15.0 8.8 C
-Morimachi 2100.7 1089.6 228.9 21.0 10.9 C
Koishihara -3035.2 972.8 414.2 42.6 13.6 C

Kitaoguni 2647.2 1121.7 187.1 16.7 7.1 c

Ca : Castanea crenata S. et Z.,

. P : Pinus densiflora S. et Z.,

C : Cryptomeria japonica D. Don,
Q : Quercus crispula Bl.,

Ch : Chamaecyparis obtusa S. et Z.,
Qu : Quercus spp.

(5#7)
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Evaporation from the forest floor
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Figure 6-1(a) Diurnal variation of heat balance

components and micrometeorological
factors (3 April, 1980)
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Rn: net radiation, E: evapotranspiration,

H: sensible heat flux, G: soil heat flux
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Bowen ratio in growing season (1980)
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Table 6-~1 Effects of meteorological factors on evapotranspiration

in fine days (1980)

Apr. May Jun. Jul. Aug. Sep. Oct. Mg?“
Total

Number of days 16 13 11 15 18 21 20 114
Evapotranspiration 2.1 2.8 2.0 1.9 2.0 1.9 2.2 2.2
(mm)
Net radiation in 5.3 5.9 5.3 4.9 5.2 3.8 4.1 4.8
daytime (mm)
Air temperature 9.7 15.9 19.9 19.4 19.9 19.1 13.9 16.7
(°c)
Saturation deficit 3.47 5.43 5.12 3.77 3.70 4.89 4.82 4.43
(mmHg)
Wind speed (m/s) 2.00 2.00 1.70 1.24 1.43 1.60 1.50 1.62

(697 )
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e: evaporation of intercepted rainfall (wet)
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Table 6~2 Seasonal variation of heat balance in growing season (1980)
Apr. May Jun. Jul. Aug. Sep. Oct. Mgin
Total
(1) Number of days 23 19 15 25 31 30 29 172
{2) Net radiation (mm) 3.7 4.2 4.0 3.9 3.6 2.9 2.5 3.4
(3) Evapotranspiration 2.3 3.3 2.6 2.7 2.5 3.0 2.9 2.8
(mm)
(4) Sensible heat (mm) 1.4 0.8 1.3 1.1 1.0 -0.1 -0.3 0.6
(5) Soil heat flux 0.0 0.1 0.1 0.1 0.1 0.0 -0.1 0.0
(mm)
(6) Bowen ratio 0.61 0.24 0.50 0.41 0.40 -0.03 -0.10 0.21
(7) (3)/(2) (%) 62.1 78.6 65.0 69.2 69.4 103.4 116.0 82.4
(8) (4)/(2) (%) 37.9 19.0 32.5 28.2 27.8 -3.4 -12.0 17.6
(9) (5)/(2) (%) 0.0 2.4 2.5 2.6 2.8 0.0 -4.0 0.0

(£ 2£7)
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Table 6-3 Seasonal variation of various components in forest

evapotranspiration in growing season (1980)

Apr. May Jun. Jul. Aug. Sep. Oct. Mean
Net radiation 3.7 4.2 4.0 3.9 3.6 2.9 2.5 3.4
(mm)
Transpiration 1.4 1.8 1.2 1.3 1.3 1.3 1.3 1.4
(mm)
Evaporation from 0.6 1.2 0.9 1.1 0.9 1.3 1.0 1.0
intercepted rainfall
(mm)
Evaporation from 0.3 0.3 0.5 0.3 0.3 0.4 0.6 - 0.4
forest floor
(mm)

(g8 7))
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