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i@ X (Original article)

Effects of typhoons on leaf fall in hinoki cypress (Chamaecyparis

obtusa Endlicher) plantations in Shikoku Island

Yoshiyuki INAGAKI"", Shigeo KURAMOTO?, and Hidehisa FUKATA”

Abstract

Leaf fall was measured for 5 years (2002-2006) in adjacent thinned and unthinned plantations of hinoki cypress
(Chamaecyparis obtusa Endlicher) at two different elevations in Kochi Prefecture, Shikoku Island, Japan. The region
was hit by severe typhoons in 2004 and annual leaf fall in that year was 1.17- 2.25 times greater than that in the pre-
typhoon period (2002-2003). The effect of the typhoons on annual leaf-fall was greater at the higher elevation. At
each elevation, the effect was greater in the thinned plots than in the unthinned plot. Post-typhoon annual leaf-fall
(2005-2006) was 1.05- 1.41 times greater than that in the pre-typhoon period (2002-2003). Although the impact
of typhoons was greater in the thinned plots, the recovery of leaf litter was not different between the thinned and
unthinned plots. The time of leaf fall in the typhoon year became earlier in forests at the higher elevation. At the
lower elevation, leaf-fall duration increased in 2004 but the time of leaf fall did not change. The results indicate that
susceptibility to strong winds is different between higher and lower elevations: greater leaf fall occurs immediately
after strong winds at higher elevations, whereas leaves do not fall immediately after strong winds and damaged leaves
fall gradually at lower elevations. These results suggest that the annual leaf fall can be recovered rapidly and that new

leaf production may increase substantially after typhoon disturbance.

Key words : hinoki cypress; leaf litter; phenology; recovery; thinning; typhoon

L.Introduction

Typhoons are a major cause of climatic damage to
Japanese forests (Kuboyama et al., 2003; Kamimura and
Shiraishi, 2007). Many studies have been conducted on
uprooting and stem breakage by strong winds and their
relation to topography, soil and forest conditions (Kuboyama
et al., 2003; Saito and Sato, 2007; Kamimura and Shiraishi,
2007; Kato and Zushi, 2008). In 2004, Japan was struck
by many severe typhoons (Typhoon Research Department,
2006) and some forests were critically damaged (Kamimura
and Shiraishi, 2007; Kato and Zushi, 2008). Strong winds
can cause defoliation of crowns (Takeuchi et al., 2007;
Inagaki et al., 2008a).

Defoliation by strong winds can be evaluated by
litterfall measurement. Previous studies have investigated
the effect of storms on leaf and branch fall in tropical
ecosystems (Vogt et al., 1996; Harrington et al., 1997;
Herbert et al., 1999) and evergreen hardwood forests (Xu
et al., 2004; Sato, 2004), and conifer plantations in Japan
(Saito, 1981; Takeuchi et al., 2007, Inagaki et al., 2008a,
2008b). In hinoki cypress plantations, the effects of

typhoons have been evaluated by long-term observations
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of a single stand (Saito, 1981; Inagaki et al., 2008b) and by
comparison of several forests in relation to slope direction
(Takeuchi et al., 2007) or thinning practices (Inagaki et al.,
2008a). Inagaki et al. (2008a) have revealed that the impact
of severe typhoons in 2004 was greater in thinned plots than
in adjacent unthinned plots in a hinoki cypress plantation
in Kochi Prefecture. However, there is no information on
leaf litter production after the disturbance and its relation to
thinning practices.

The time of leaf fall becomes earlier when forests
suffer strong winds (Inagaki et al., 2008a, 2008b). If
trees are damaged by strong winds, there would be a
significant change in leaf-fall phenology. Several studies
have reported that the time of leaf-fall is related with slope
position (Tateno et al., 2005) whereas leaf-fall duration is
related precipitation (del Alco et al., 1991) or solar radiation
(Inagaki et al., 2008b). These studies indicate that leaf-fall
phenology is related with water stress of plants as well as
temperature. If trees are damaged, trees suffer severe water
stress (Muramoto et al., 1998; Ueda and Shibata, 2004)
and the time of leaf fall may occur earlier or the leaf fall

duration may become longer.
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In the present study, the leaf and branch fall for 5
years including typhoon disturbances in the third year are
reported following the results by Inagaki et al. (2008a). We
selected hinoki cypress (Chamaecyparis obtusa Endlicher)
forests at two different elevations. Within each forest we
established two adjacent study plots (20m x 20m): a thinned
plot and an unthinned plot on the same slope. Annual leaf-
fall in heavily defoliated forests was expected to be lower
after the typhoon disturbances. The objectives of this study
were to determine if 1) annual leaf fall after typhoons is
lower in heavily defoliated forests, 2) pattern of leaf-fall

phenology changes due to sever damage by strong winds.

2. MATERIALS AND METHODS

2.1 Study Site

The study was conducted in hinoki cypress plantations in
two areas, Tengu (33° 28" N, 133° 0" E) and Furumiya (33°
26" N, 133° 1" E), in the upper part of the Shimanto Basin
on Shikoku Island in southern Japan. Hinoki cypress is an
evergreen conifer and widely planted for timber production
in the region. The general stand characteristics are presented
in Table 1. Tengu (TNG) is located at 1,150 m in elevation
and is among the highest sites for hinoki cypress plantations

on Shikoku Island. The mean annual temperature and annual

precipitation are 9.6 °C and 3,140 mm. Hinoki cypress trees
were planted on former grassland that was often burned. The
plantation was 42 years old in 2002. The soil parent material
of the study site is volcanic ash over limestone. The soil is
classified as Andisol in soil taxonomy (Soil Survey Staff, 1998)
and as a drier subtype of moderately moist black forest soil
(BID(d)) in the Japanese classification of forest soils (Forest
Soil Division, 1976).

Furumiya (FMY) is located at an elevation of 710 m. The
mean annual temperature and annual precipitation are 13.1 °C
and 3,270 mm. Hinoki cypress trees were planted on a former
hinoki cypress plantation. The plantation was 23 years old in
2002; some trees remained from a previous rotation (aged 46
years). The soil parent material of the study site is sedimentary
rock. The soil is classified as Dystrudept in soil taxonomy and
as moderately moist brown forest soil (BD) in the Japanese

classification of forest soils.

2.2 Thinning

Two adjacent study plots (20m % 20m) were established at
both TNG and FMY. These were of the same contour elevation
and had similar stand and soil characteristics (Table 1). A
summary of the thinning is provided in Table 2. Thinning was

conducted in one plot before the growth period in 2002 (in

Table 1

Summary of the study sites

Study site TNG FMY
Elevation (m) 1150 710
Mean annual temperature(°C) 9.6 13.1
Mean annual precipitation (mm) 3140 3270
Slope (degree) * 30(30) 30(30)
Slope aspect* S25W(S60W) N70W(N50W)
Stand age in 2002 (yr) ** 42 23(46)

Parent material

Volcanic ash

Sedimentary rock

*Control plot (thinned plot), **In FMY, there are some 46-year-old trees.

Table 2
Summary of thinning in the study sites.

Tree number(/400m®) Stem volume (m’/ha)
Plot Before After Percent Before After Percent
thinning thinning thinning thinning thinning thinning
TNG control plot 41 41 0 353 353 0
TNG thinned plot 35 17 51 341 178 48
FMY control plot 68 68 0 190 190 0
FMY thinned plot 65 34 48 219 83 62
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April 2002 at TNG, and in December 2001 at FMY), and no
trees were cut in the control plots. Felled trees were randomly
selected from size classes. The stem volume was decreased by
48% at TNG and by 62% at FMY after thinning (Table 2). This
percentage of tree removal is considered to be high because the
percentage of tree removal in forests is generally kept to 30% or
less as a general rule in Japan.

After thinning, most of the large stems and branches
were removed from the study plot, but some woody materials
remained in the plot. Most of the small branches and leaves
were scattered within the plot. Further information about the
thinning practices and forest growth after thinning is given in
Fukata (2006) and Inagaki et al. (2008a).

2.3 Litterfall

The leaf litterfall was collected by litter traps. Eight litter
traps of 0.5 m’ each were placed in each plot in two lines at
regular intervals (about 4 m). Litterfall was collected every
month from July 2002 to June 2007 except during winter
snowfall from January to February. We did not collect litterfall
in winter because the area had snow cover, especially in TNG at
the higher elevation.

The annual litterfall was determined from July to June of
the next year since the litterfall rate was lowest in July. The
collected litterfall was divided into leaves, small branches, and
other organs. The diameter of small branches was less than
5 cm. From July 2002 to June 2005, the sample of each trap
was divided into organs. After July 2005, samples from the 8
traps at each collection site were combined into one sample and
a part of the combined sample (more than 30 g) was divided
into organs. Samples were dried for 48 hours at 75 °C and
weighed. The annual leaf-fall biomass and nitrogen input were
calculated by summing the monthly leaf fall between July and
the following June. Leaves of hinoki cypress are fallen mainly
in winter and the leaf-fall during winter was calculated by
summing up monthly leaf fall between October and April in the
following year. Percentage of winter leaf-fall was calculated as
winter leaf-fall divided by annual leaf-fall.

The leaf-fall time for the hinoki cypress in each year was
evaluated using the following logistic equation developed by
Dixon (1976):

/4

year

e (@2 T )Ty — 1)

where W = cumulative leaf fall (in g-m™), W,,,, = total annual
leaf fall (in g'm-%), T, = time of maximum leaf-fall rate or time
of 50% of annual leaf fall (in days), T,,s, = time between 10%
and 50% of annual leaf fall (in days), t = time (in days). The
date corresponding to t = 0 was set at July 1. In this model, the

time of leaf-fall and leaf-fall duration (gradualness of leaf-fall)
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are determined.

Leaf and branch fall was measured for 5 years (2002-
2006). As there were several occurrences of severe typhoons,
we divided 5 years into three periods: pre-disturbance period
(2002-2003), year of disturbance (2004) and post-disturbance
period (2005-2006). Means of annual leaf and branch fall in
each period were calculated. The disturbance index is defined
as the ratio of annual leaf-fall in 2004 to pre-disturbance annual
leaf fall. The recovery index is defined as the ratio of post-
disturbance annual leaf fall to pre-disturbance annual leaf-fall.

Pattern of leaf-fall is related with the attacks of typhoons.
Because we did not measure the wind speed in the study area,
we defined the date of strong winds as being when records of
maximum wind velocity at two weather stations (Sukumo and
Shimizu, Meteorological Agency Japan) both exceeded 25 m
s"'. Although these stations are relatively far from the study
area (70-75 km), we considered the data of weather stations
along the Pacific Ocean to reflect the impacts of typhoons in the
region. There were 7 days in 2004 that had strong winds, which
was much greater than in the other 4 years (average of less than
1 day).

2.4 Statistical analysis

Pearson correlation coefficients were determined between
disturbance index and recovery index. Properties of leaf-fall
phenology (Ts,, T, and percentage of winter leaf-fall) were
compared between the control and thinned plots using liner

regression analysis (n=5).

3. RESULTS

3.1 Amount of leaf and branch fall

The seasonal pattern of leaf fall rate showed clear
seasonality, being higher in winter (Fig. 1). The time of strong
winds recorded at the weather station is indicated by plus signs.
In the control plots, pre-typhoon annual leaf fall (2002-2003)
was greater at TNG than at FMY (Table 3). At each forest, pre-
typhoon annual leaf fall was smaller in the thinned plots than in
the unthinned plots. The ratio of annual leaf fall in 2004 to pre-
typhoon leaf fall (Disturbance index) ranged from 1.17 to 2.25.
The disturbance index of leaf fall was greater at the higher
elevation and greater in the thinned plots than in the control
plots (Table 4). The ratio of post-typhoon leaf fall (2005-2006)
to pre-typhoon leaf fall (Recovery index) ranged from 1.05 to
1.41. We did not find a negative correlation between disturbance
index and recovery index (p > 0.05, Fig. 2). The disturbance
index of branch fall ranged from 1.25 to 4.41. The recovery
index of branch fall ranged from 0.56 to 2.4. The recovery
index of branch fall was smaller where the disturbance index
was greater (r =-0.96, p = 0.04, n =4, Fig. 2).
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2002 2003 2004 2005 2006 2007

. 1 Temporal changes in leaf-fall rate in the thinned

(open squares) and unthinned plots (closed
circles). The date of strong winds is indicated by
the plus symbols at the upper part of the graphs.

3
x
2 o
£ 2
> Tt Ft
[ O
[ J
B 1 O ®
Q Ft
0] Fc Tc
o [ J
Tc
0
0 1 2 3 4 5
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Fig. 2 The relationships between disturbance index and

recovery index of leaf fall (open square) and
branch fall (closed circle). Abbreviations of the
study plots are as follows: TNG control (Tc);
TNG thinning (Tt); FMY control (Fc); FMY
thinning (Ft). The recovery index of branch fall
is negatively correlated with the disturbance
index (+=-0.96, p=0.04), whereas no significant
relationship was found for leaf fall (»>0.05).

Table 3 Annual leaf-fall and branch-fall in the thinning experiment

year TNG TNG Thinning FMY FMY Thinning
control thinning  /control  control thinning  /control
Leaf-fall (g m” yr')
2002 3174 140.1 0.44 208.1 147.7 0.71
2003 312.1 146.6 0.47 190.3 158.0 0.83
2004 530.4 323.0 0.61 233.6 266.3 1.14
2005 3324 219.7 0.66 194.9 151.9 0.78
2006 346.9 184.1 0.53 224.9 189.1 0.84
Mean 367.9 202.7 0.55 210.4 182.6 0.87
Branch-fall (g m” yr')
2002 36.6 11.1 0.30 49 15.8 322
2003 45.7 17.6 0.38 15.9 17.0 1.07
2004 181.5 58.5 0.32 13.0 60.8 4.68
2005 29.2 17.1 0.58 17.9 15.7 0.88
2006 16.8 17.0 1.01 32.0 28.0 0.87
Mean 62.0 242 0.39 16.8 27.4 1.64
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Table 4 Indices of disturbance and recovery in leaf litter and small branches

TNG TNG FMY FMY Mean
control thinning control thinning
Leaf litter (g m™ yr')
2002-2003 a 314.8 143.3 199.2 152.9 202.5
2004 b 530.4 323.0 233.6 266.3 338.3
2005-2006 c 339.7 201.9 209.9 170.5 230.5
Disturbance index b/a 1.69 2.25 1.17 1.74 1.67
Recovery index c/a 1.08 1.41 1.05 1.12 1.14
Branch (g m™ yr')
2002-2003 a 41.1 14.4 104 16.4 20.6
2004 b 181.5 58.5 13.0 60.8 78.4
2005-2006 c 23.0 17.0 25.0 21.8 21.7
Disturbance index b/a 441 4.08 1.25 3.71 3.81
Recovery index c/a 0.56 1.19 24 1.33 1.05
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winter leaf-fall (c) in the TNG control plot (closed Fig. 4 The relationships of time of leaf-fall (a), leaf-

square), TNG thinned plot (open square), FMY £ . .

. . all duration (b) and the percentage of winter
control plot (closed circle) and FMY thinned plot leaf-fall (c) b(etzveen conti)ol and t%linned plots
(open circle). at TNG (closed square) and FMY (open circle).

Significant relations are indicated by solid lines.
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3.2 Leaf fall phenology

In 2004, the time of leaf fall (Tsy) in TNG was more than
30 days earlier than in the pre-disturbance period whereas
the time of leaf fall in FMY did not change appreciably (Fig.
3a). In contrast, the leaf-fall duration (T,,5,) in 2004 at FMY
became longer (43-45 days, Fig. 3b). For five years the time
of leaf-fall was similar between control and thinned plots (Fig.
3a). Leaf-fall duration in the thinned plot at TNG was 5-22
days shorter than that in the control plot except in 2002 but no
clear difference was found at FMY (Fig. 3b). The percentage
of winter leaf-fall was lower at TNG than FMY (Fig. 3¢). The

percentage in the control plot at TNG was lower than that in
the thinned plot in the pre-disturbance period (2002-2003) but
no clear difference was found after typhoon disturbance. At
FMY, the percentage was not different between the control and
thinned plot.

The time of leaf-fall in the control and thinned plots at
TNG was linearly correlated (Fig 4a, Table 5) but was not
correlated at FMY. The leaf-fall duration in the control and
thinned plots at FMY was linearly correlated (Fig. 4b, Table
5). Percentage of winter leaf-fall in the control and thinned plot
was linearly correlated at TNG but not at FMY (Fig. 4c, Table 5)

Table 5 The results of leaner regression analysis. The regression line is indicated in Fig. 4.

2

Properties site slope intercept r p

Ts TNG 1.2 -25.8 0.99 0.001
Tso FMY 0.92 5.7 0.66 0.09
To.50 TNG 0.67 2.8 0.55 0.15
To.50 FMY 0.94 -0.5 0.96 0.004
Winter leaf-fall (%) TNG 1.52 -31.6 0.94 0.006
Winter leaf-fall (%) FMY 0.7 27.4 0.6 0.12

4. DISCUSSION

4.1 Amount of leaf and branch fall
When affected by the severe typhoons, annual leaf-fall in
2004 increased by 1.17-2.25 fold, corresponding to an increase
of 34-215 g m™. Takeuchi et al. (2007) reported that the amount
of leaf fall of four hinoki cypress forests by the storm events
in 2004 was 20-100 g m™ in the Kyushu District. Saito (1981)
measured litter fall for 10 years at hinoki cypress forests in
Shiga Prefecture, central Japan. The annual leaf fall in 1972,
when a severe typhoon affected the area, was 1.17 times higher
than the average of leaf fall for 10 years. Typhoons did not
increase annual leaf fall clearly although the time of leaf fall
became earlier when the area had strong winds. Because other
climatic factors can also affect annual leaf fall (Saito, 1981),
it is sometimes difficult to isolate the typhoon effect only.
Nonetheless, it was concluded that the effects of the typhoons at
TNG of this study were greater than those in previous studies.
The effect at FMY was similar to that in previous studies.
The typhoon effect at TNG was large, probably due to three
reasons. First, there were many severe typhoons in 2004
(Typhoon Research Department, 2006). Secondly, winds in
TNG areas at higher elevations were higher than in previous
studies. We did not measure the wind speed directly but we
found indirect evidences of strong winds at TNG; damage of
litter traps by winds and soil observation. The soil in TNG has a
strong nutty structure in subsurface horizon that indicates soil is

dry due to higher transpiration affected by strong winds (Forest

Soil Division, 1976). Thirdly, typhoon effects also related
with the slope direction. As located at slope of south west
direction, plots in TNG might have strong winds. Greater effect
of typhoon on defoliation in south facing slope was previously
reported in Takeuchi et al. (2007).

Post-disturbance annual leaf fall recovered to the level of
the pre-disturbance period (Table 4). Although we expected
slower recovery in the highly disturbed forest, the recovery
These

results are different from Sato’s (2004) study of an evergreen

was not related with the disturbance index (Fig 2).

hardwood forest where annual leaf fall decreased significantly
after disturbance. Previous studies on hinoki cypress did not
find a clear reduction after typhoon disturbances (Saito, 1981,
Inagaki et al., 2008b). There are two main reasons for the small
reduction of annual leaf fall after typhoon disturbance. First,
leaf biomass in the crown of hinoki cypress is large because leaf
longevity of hinoki leaves is 5-7 years (Saito and Tamai, 1989).
Takeuchi et al. (2007) reported that less than 8% of the leaves
in the crown were defoliated by typhoons in 2004. In this
study, higher percentage of leaves in TNG sites would be fallen
than previous studies but the percentage would be still low.
Secondly, the production of new leaves may increase rapidly
after typhoon disturbance. Supporting evidence is presented
by Fukata et al. (2009), who reported that the relative light
intensity of a forest floor was increased by typhoon disturbance,
but it decreased gradually following the disturbance. This

result suggests that leaf production accelerates after a typhoon
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disturbance. However we did not evaluate the leaf production
in this study. Further study is needed to evaluate the leaf
production by direct measurement of leaf area index using
canopy analyzer (Miyamoto et al., 2009).

The disturbance index of branch fall ranged from 1.25
to 4.41. These values are higher than those of leaf fall. The
reason of higher branch fall is that the branch fall includes
dead branches that have no leaves. The mean of the recovery
index for branch fall was 1.05. This indicates that the recovery
of branch fall was relatively rapid, although the index varied
among forests. The recovery index was negatively correlated
with the disturbance index (Fig 2). This pattern is different
from that for leaf fall. These results suggest that the recovery of
branch fall was slower when large amount of branch was fallen

by strong winds.

4.2 Leaf fall phenology

In 2004, the study area was hit by many typhoons (Typhoon
Research Department, 2006). The leaf-fall phenology in 2004
was determined by occasional strong winds. This situation
is different from previous studies that generally evaluated the
impact of strong winds from a single storm (Vogt et al., 1996;
Harrington et al., 1997; Herbert et al., 1999; Xu et al., 2004;
Sato, 2004).

The response of leaf fall pattern to the typhoons was
different between the two elevations (Fig 3). The time of leaf
fall became earlier at the higher elevation and the leaf-fall
duration became longer at the lower elevation. At the higher
elevation, a large amount of leaves could fall immediately
in response to strong winds (Fig.1) and the time of leaf-fall
in the control and thinned plots was significantly correlated
(Fig. 4a). In contrast, leaves at the lower elevation did not fall
immediately in response to strong winds; instead, the damaged
leaves fell gradually after the typhoon events. Leaf-fall duration
in the control and thinned plots at FYM was significantly
correlated. The results suggest that changes of leaf-fall duration
are more important than the time of leaf-fall in response to
typhoon disturbance at the lower elevation (FMY).

This difference cannot be explained only by the strength
of the wind. The intrinsic resistance of leaves to strong winds
may differ between the two elevations. Leaf morphology such
as leaf thickness can be related with leaf longevity (Reich et
al., 1992; Wright et al., 2005) and possibly resistance to strong
winds. Therefore, environmental factors that determine leaf
morphology can be involved with the resistance of leaves to
strong winds. Longer leaf longevity is often characterized as
an adaptation to a nutrient-poor environment (Chapin, 1980,
Chabot and Hicks, 1982, Aerts and Chapin, 2000). Nitrogen
was less available at the lower elevation (Inagaki et al., 2008a)

and trees there may have had leaves of longer longevity
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and higher resistance to strong winds. Inagaki et al. (2010)
compared leaf-fall phenology in 17 hinoki cypress forests and
showed that the time of leaf-fall of hinoki cypress forests varied
86 days and could not be explained solely by temperature.
The results implied that intrinsic resistance of leaves can vary
greatly in hinoki cypress forests. This evidence is indirect and
further study is needed to investigate intrinsic resistance for
winds and leaf longevity of hinoki cypress across wide range of
climatic and soil conditions.

After disturbance, leaf-fall phenology may change due to
water stress by strong winds. However in this study the time
of leaf fall after a typhoon-disturbance generally returned to
their respective values in the pre-typhoon period (Fig.3). These
results suggest that the effect of sever typhoons was not critical
and hinoki trees can recover to the pre-disturbance condition
rapidly. After disturbance, the time of leaf-fall was similar
between thinned and unthinned plots (Fig.3). Leaf-fall in the
thinned plots returned to values in the pre-typhoon period.
From these findings we concluded that the thinned forest in this
study was not critically damaged by sever typhoons although
the disturbance index was greater in the thinned plots and
at higher elevations. In TNG at higher elevation, the effect
of typhoons was larger than previous studies (Saito, 1981;
Takeuchi et al., 2007) but leaf-fall recovered rapidly. The
results suggest that leaf fall by strong winds may not cause

critical damages for hinoki cypress plantations generally.
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Comparison of the characteristics of five quantum sensors

Yasuko MIZOGUCHI" *, Yoshikazu OHTANTI?, Takeshi AOSHIMA?,
Atsushi HIRAKATA?, Satoko YUTA?, Satoru TAKANASHI?,
Hiroki IWATA® and Yuichiro NAKAI?

Abstract

Five quantum sensors were tested and compared to evaluate their individual characteristics and their degradation
due to aging by using an artificial light source and natural sunlight. The results confirm that the accuracy and stability
of each sensor are within the manufacturer-specified range. However, some sensors produce erroneous readings when
solar elevation angle is low. The outputs from the various types of sensors differ from each other, and the differences
between some sensor types may be greater than the individual differences between the same type of sensors.
These results suggest the necessity of examining the instrumental differences when comparing measurements of
photosynthetically active radiation conducted with sensors of different types.

Key words : aging degradation, azimuthal angle, incident angle, instrument difference, quantum sensor, wavelength

Introduction

Photosynthetically active radiation (PAR), which ranges from
400 to 700 nm, is one of the principal factors in photosynthetic
carbon fixation, and photosynthesis is one of the most important
components of the carbon cycle in terrestrial ecosystems.
Synthetic analysis and comparative research on carbon budgets
of terrestrial ecosystems (see, e.g., Hirata ef al., 2008) have been
actively promoted worldwide. Thus, an accurate and consistent
method to measure PAR is required for an accurate evaluation
of carbon assimilation. Several types of quantum sensors are
available to measure PAR, but there is no global standard for
quantum sensors in terms of accuracy, inherent characteristics,
and degradation through aging.

The most frequently used quantum sensor is the LI-190 (LI-
COR) (Mizoguchi et al., 2009) because it is a vanguard of PAR
sensor and provides a wealth of technical information, and
Fluxnet-Canada recommends this model in their measurement
protocols (Fluxnet-Canada, 2003). However, AmeriFlux is
adopting PAR Lite (Kipp & Zonen, Netherlands) as their
standard system (AmeriFlux, 2009). Thus, at the present
time a standard sensor does not exist because of the lack of
universal standards, such as those existing for pyranometers. In
such a situation, the only source of information regarding the
reliability of these sensors is the documentation provided by the

manufacturers.
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In this study, five commonly used quantum sensors are
compared, and the inherent characteristics, instrument
differences, and degradation through aging of each sensor are
evaluated using an artificial light source (i.e., solar simulator)
and tested for degradation due to exposure in the field. This
study should supply basic information for the development of
a standard sensor and for calibration of data measured using

different types of quantum sensors.

Methods

Types of quantum sensors

Although there are several manufacturers of quantum sensors
worldwide, the basic elements of the devices are essentially
the same. Typically, a sensor consists of a diffuser panel for
diffusing light, an optical filter for blocking light outside the
400- to 700-nm range, and a silicon photodetector. In this study,
we compare five different sensors: the ML-020P (EKO, Japan),
the PAR Lite (Kipp & Zonen, the Netherlands), the IKS-27
(KOITO, Japan), the PAR-01 (PREDE, Japan), and the most
commonly used sensor, the LI-190 (LI-COR, USA). The bottom
of the LI-190 was coated by sealant to waterproof it before
the experiments. All sensors used in this study are commercial
products and individual differences among sensors of same type

were not considered prior to the experiments.
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Laboratory tests

For the laboratory tests, a solar simulator (model ESS-
80, EKO, Japan) with a 300-W xenon arc lamp was used as
an artificial light source. The irradiation power ranges from
700 to 1000 Wm™ and the stability has a margin of error of
+3%. The available irradiation area is 80 mm x 80 mm and
the irradiation distribution has a margin of error of +5%. The
instrument covers the spectral range from 350 to 1100 nm.
The performance of the solar simulator is classified as class A
in Japanese Industrial Standards. The sensors were placed 20
cm from the light source, and the irradiation power was set at
1000 Wm™ which is the maximum power for this simulator
because solar radiation in summer reaches 1000 Wm™ or more.
Four measurements were carried out to evaluate the inherent
characteristics and instrument differences.

The first set of measurements gives the output of the sensors
relative to the incident angle of illumination, which means the
zenith angle. The output of the sensors was recorded twice for
each 10-degree increment of the incident angle o (see Fig. 1).
The second set of measurements gives the output of the sensors

relative to the azimuthal angle for a fixed incident angle of 60°

Solar Simulator

>
|

Quantum sensor

a: Incident angle (°)

Fig. 1. Diagram of the incident angle test.

: azimuth angle (* )

Fig. 2. Diagram of azimuthal angle test.
Incident angle (o) is 60°.

(see Fig. 2). The cable-installation position for each sensor was
set to the zero-degree point of the azimuthal angle. The sensors
were rotated around their vertical axis and the output was
recorded twice for each 10-degree increment of the azimuthal
angle. The third set of measurements was to check the
sensitivity characteristic as a function of incident wavelength
by placing a glass filter between the sensor and the light source,
with the light at normal incidence (Fig. 3). Output from the
sensors was recorded once for each filter. The filters used were
RG695, RG715, and RG780 (SCHOTT, Germany) and their
thicknesses were 2, 2, and 1 mm, respectively. Fig. 4 shows the
filter transmittance spectra quoted by the specification sheets of
the glass filters. The filter model number indicates the minimum
wavelength that is transmitted through the filter, although light
at shorter wavelengths is weakly transmitted. The fourth set
of measurement compares each sensor before and after a field
experiment with a reference sensor from EKO Instruments Co.
Both before and after the field experiments, sensor outputs were

recorded three times.

Solar Simulator

o
|

Glass Filter

Quantum sensor

Fig. 3. Diagram of spectral sensitivity test.
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Fig. 4. Manufacturer-specified transmittance of glass
filters.
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Field experiments

After laboratory tests, the five sensors described above and
the optional sensor LI-190 (LI-COR, USA), which was used
as a benchmark (hereinafter referred to as LI-190BM) for
degradation due to aging, were placed atop a 32-m tower at
Fujiyoshida forest meteorology research site for comparison
(lat. 35.45°N, long. 138.77°E, 1030-m elevation) (Ohtani et al.,
2001). Measurements were taken continuously over two weeks
in September 2006, after which LI-190BM was withdrawn and
kept in completely dark conditions to serve as a benchmark
for degradation through aging. It was put back on the tower 12
months later to compare its output with that of the other sensors.
The diffusion panels of the five sensors were cleaned every
three weeks for the duration of the exposure. Precipitation and
mean air temperature for this period was 1910 mm and 9.9 °C,
respectively.

In addition to the experiment just described, two field
experiments were conducted using LI-190s. These experiments
consisted of exposure experiments using a non-coated LI-190
sensor for 30 months at Fujiyoshida, and a comparative test
of eight LI-190s on a rooftop in Tsukuba (lat. 36.00°N, long.
140.12°E, 24-m elevation).

Results and discussions

Incident-angle characteristics

Fig. 5 shows the result of the incident-angle test. It shows
the ratio of the output at each incident angle a to the output at
zero incident angle. For each target sensor, both measurements
yield equivalent values except for PAR Lite at o = 60°. The
value reported for PAR Lite at 60° is the average, and thus there
is a possibility of measurement error at this point. For each
sensor, the output ratio decreases as o increases for a < 50°.
We find that the influence of the incident angle for ML-020P

—_
(&}

T —+— ML-020P (EKO)
L —— PAR Lite (Kipp & Zonen)
—o— |KS-27 (KOITO)

L —o— LI-190 (LI-COR) 4
i PAR-01 (PREDE) 7

0 10 20 30 40 50 60 70 80 90
Incident angle; o (°)

e
o
T

Output at each o / output at a=0°

Fig. 5. Dependence of output on incident angle for each sensor.
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and PAR-Light is similar to the cosine response described in
the manufacturer’s specifications (the cosine response for ML-
020P, PAR-Light, and LI-190 was provided). The influence
of the incident angle for LI-190 was slightly larger than given
graphically in the catalogue. The output ratios of PAR-01 (0.9
at o = 40° and 0.8 at o = 60°) and IKS-27 (0.9 at o = 40°), in
particular, are less than those of the other sensors for o > 40°.
The output ratio of IKS-27 is considerably greater than unity
at o = 85°, whereas the output ratios of the other sensors are
less than 0.5. Therefore, the cosine-correction method of the
IKS-27 may be different from the method used by the other
sensors. When the solar altitude is low, such as in the morning
or evening and during the winter, the PAR measured with PAR-
01 and IKS-27 may be lower or higher than that measured with

the other sensors.

Azimuthal angle characteristics

The ratio of the sensor outputs to the average of all outputs
(0° to 180°) is shown in Fig. 6 as a function of azimuthal angle
. The outputs vary as a function of p for each sensor except for
the outputs of ML-020P and LI-190, which vary less than 1%.
The photodiode shape and the filter installed in the sensor may
cause this B-dependent variation. Although a large variation
in f may cause a detection error with a diurnal alteration, the
variation was less than 5% for a = 60° for all sensors. Overall,
the results of this test indicate that the influence on the sensor
output of the azimuthal angle B3 is not as significant as the

influence of the incident angle a.

1.02 - -

0.98

| —+— ML-020P (EKO) i

0.96 - —— PAR-Lite (Kipp and Zonen) |
—o— IKS-27 (KOITO)

—o— LI-190SL (LI-COR)

PAR-01 (PREDE) -

[ TN [N T T NN T T N TN NN T N [N T B |

0 30 60 90 120 150 180
azimuth angle; g (°)

Output at B / average output

0.94 -

Fig. 6. Dependence of output on azimuthal angle for each
Sensor.
The symbols indicate measured values, and the lines represent

the averages of two easurements.
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Sensitivity characteristic as a function of avelength

The wavelength of PAR ranges from 400 to 700 nm. Thus,
the ideal situation would be for the quantum sensor to measure
only wavelengths in this range. Fig. 7 shows the ratio of the
readout due to filtered light to the readout due to unfiltered
light (the filter transmittance). When using the RG780 filter, the
sensor output should be zero because this filter blocks all PAR
wavelengths. However, the actual situation is different because
all sensors detect small amounts of light with this filter in place.
When using the RG695 filter, which should transmit a small
band of light with wavelengths less than 700 nm (see Fig. 1),
LI-190 produces the smallest output. This result indicates that
the response of LI-190 to wavelengths just below 700 nm is less

than that of the other sensors.

10
8 [0 RG695(d=2mm) |
s | B RG715(d=2mm)
g 6L B RG780(d=1mm)  _|
5 4t .
c
g
g | i
2 - -
0

ML-020P PAR-Lite IKS-27 LI-190 PAR-01
Fig. 7. Transmittance of filters measured by each sensor.
Transmittance is defined as the ratio of the sensor output
for the filtered light to the output for the unfiltered light.

Although the documentation for all sensors state that the
measurement range is between 400 and 700 nm, high-pass
filters installed in the sensor cause differing outputs among the
sensors near the upper PAR wavelength range. It is possible that
a similar effect occurs at the lower PAR wavelength range, so

similar experiments should be performed near 400 nm.

Instrument differences

To judge instrument differences, Tables 1 and 2 show the ratio
of the output from test sensors to the output of a benchmark
sensor under artificial and natural light sources, respectively.
The results for the laboratory tests are averages of three
measurements at the incident angle o = 0°, and the benchmark
sensor was the EKO reference sensor. The LI-190BM sensor
was not checked under an artificial light source before the field
experiment. The numbers in parentheses in Table 1 result from
assuming that the relation between the EKO reference sensor
and LI-190BM is maintained over the entire 12-month period of
this experiment. The standard deviation for each sensor is less
than 0.4 and the variability between three measurements for
each sensor is small. For the field experiment, values averaged
over two hours centered on the culmination time were used,
because the incident-angle effect is smallest at the culmination
time, and LI-190BM was adopted as the benchmark for judging
instrument differences. Table 3 shows the results of comparison
tests for eight LI-190s. The values are normalized by the output
of sensor “e,” and the letters in the left-hand column of the table
identify each instrument.

The maximum instrument difference between sensors is
approximately 8% for the solar simulator and 17% for sunlight,

and the maximum instrument difference for the eight LI-190s

Table 1. Outputs from five sensor types illuminated by solar simulator and differences
in the outputs before and after the field experiment.

EKO reference sensor LI-190BM
Model Manufacturer
Jul.25,2006 Oct.25,2007 Differences Jul.25,2006 Oct.25,2007 Differences

ML-020P EKO 99.67 96.72 -2.95 (98.39) 95.48 -2.91
PAR-Lite Kipp & Zonen 106.70 105.86 -0.84 (105.33) 104.50 -0.83
IKS-27 KOITO 100.45 90.88 -9.57 (99.16) 89.71 -9.45

LI-190 LI-COR 102.51 92.49 -10.02 (101.20) 91.31 -9.89
LI-190BM LI-COR (101.30) 101.30 - - - -
PAR-01 PREDE 99.45 91.64 -7.81 (98.17) 90.47 -7.11

The values listed are normalized by the outputs of EKO reference sensor and LI190BM. The numbers in parentheses
result from assuming that the relation between the EKO reference sensor and the LI-190BM is maintained.
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Table 2. Ratios of sensor outputs to the output of the benchmark sensor LI-190BM and differences

in the average outputs before and after the field experiment.

Sep. 22 to Oct. 01, Sep. 20 to Sep. 29,
2006 2007 Differences
Model Manufacturer
Standard Standard of averages
Average Average
deviation deviation
ML-020P EKO 99.450 3.652 96.838 2.848 -2.611
PAR-LITE Kipp & Zonen 96.172 1.630 93.963 1.624 -2.208
IKS-27 KOITO 82.532 0.855 85.970 1.041 3.437
LI-190 LI-COR 95.784 0.766 93.346 0.977 -2.439
PAR-01 PREDE 85.000 1.123 83.793 0.783 -1.207

The results listed represent an average over two hours centered on the culmination time for 10 days.

Table 3. Individual differences between several LI-190 sensors.

Standard
Sensor Average
Deviation
a 99.84 0.235
b 97.84 0.369
c 99.72 0.367
d 100.44 0.245
e 100.00 -
f 101.82 0.286
g 101.47 0.253
h 100.53 0.292

Measurement period is from April 7 to 12, 2009. Data among
two hours that centered at the culmination time are used.
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is less than 5% (Table 3) for sunlight, which is within the
manufacturer-specified range. Instrument differences for the five
sensors are large, when the individual difference of each type
sensor is similar to that of LI-190. In addition, the instrument
differences measured using the artificial light source are smaller
than those measured using natural sunlight.

These comparison tests, which were conducted under
identical conditions, may suggest that the cause of instrument
differences is the spectral characterization of each sensor.
Therefore, it is necessary to compare the sensors as a function
of illumination wavelength to clarify the origin of the

differences for each sensor.

Degradation due to aging

The outputs of a new LI-190 and an LI-190 that was used
for 30 months were compared over a 10-day period from
December 25, 2001 to January 3, 2002. The latter one (old
sensor) was not waterproofed by sealant. The output of the old
sensor was significantly less than that of the new sensor (see
Fig. 8). The average output over a 10-day period from two-
hour measurements that were centered on the culmination time
of the old sensor are about 75% of that of the new sensor. This
degradation due to aging is large even if individual differences
are considered because these two sensors were not compared
with each other before the old sensor was put in use 30 months

ago.

1 500 ) 1 1 ) ] 1 1 1 1 | 1 1 1 1

—
o
o
o
I
\
]

500

Used sensor (umol m™ s'1)

500 102001 1500
New sensor (umol m*s™)

Fig. 8. Comparison between a new LI-190 and a used LI-190.
The used LI-190 was not waterproofed by sealant, and the
measurement period spanned from December 25, 2001 to
January 3, 2002.

Tables 1 and 2 also show sensor outputs compared to the
benchmark sensor LI-190BM after a 12-month field experiment,
and at the end of the experiments under artificial and natural
light sources, respectively. The LI-190BM sensor was exposed
only briefly to sunlight, so it is assumed not to have degraded.
The two LI-190s used in this experiment were waterproofed by
sealant before the experiment. In the laboratory experiments,
the sensor outputs decreased from 1% to 10% after 12 months.
In the field experiments, the sensor outputs decreased from 1%
to 3%, except for IKS-27, for which the output increased by
about 3%. The difference in the results of the field experiment
and the laboratory experiment may suggest that calibrating the
sensor with an artificial light source will not a guarantee the
accuracy of the sensor output. For each sensor, degradation after
12 months in the field experiment falls within the manufacturer-
specified range, but the extent of degradation over a longer
period is still unknown. If sensors are to be used for over 12

months, regular testing of their output may be necessary.

Conclusion

Quantum sensors have no global standards, such as is the
case for other radiation sensors (e.g., pyranometers). Thus,
the specifications published by manufacturers are the only
verification of the sensor output. Through experimentation,
the accuracy and stability of several different sensors were
confirmed to lie within the manufacturer-specified range.
However, each sensor has different characteristics with regards
to the incident angle, azimuthal angle, and wavelength. The
instrument differences among the target sensors may be larger
than the individual differences between different individual
sensors of the same type. Additional strict examination is
required to evaluate the instrument difference between sensors
definitely, because the number of target sensors was insufficient
in this study. Furthermore, the degradation due to aging after
12 months is unknown, and we observe severe degradation of
LI-190 by moisture (before waterproofing treatment), requiring
additional waterproofing of the sensor. Humid areas are
widespread in Asia and durability in terms of water resistance
is required. Therefore, degradation due to aging longer than 12
months and durability under severe conditions are issues to be
addressed in the future.
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A record of fungus-gnat pest of cultivated Hypsizigus marmoreus

Masahiro SUEYOSHI""

Abstract

A new insect pest of Hypsizigus marmoreus, Mycetophila rosularia Ostroverkhova (Diptera, Mycetophilidae), is
recorded from Japan. It is similar to M. penicillata Sasakawa and M. dististylata (Sasakawa) in general appearance.
However, it is distinguished from these two species as follows: body length 4.7mm and wing length 4.6mm;
gonostylus with eight robust setac on inner surface; wing with distinct dark brown markings at middle and no dark
markings on posterior margin. The larvae inhabited and pupated inside of the sporophore of H. marmoreus. No larvae
were found in the medium. I suggested that it was a native mycetophilid species inhabiting wild mushrooms in Japan.
This is the first record of Mycetophila from Hypsizigus of Tricholomataceae.

Key words : cultivated mushroom, Diptera, Japan, Mycetophila rosularia, Mycetophilidae,
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1. Mycetophila rosularia Ostroverkhova (a-c, f) & ZNIC K % 7 ¥ AT DOHHE (d, e).

a, o AHEVERIE ; b, ARTATEE (A, TUROREAHE ; B, MmO K ; C, Wi OREEOHE 3 M, 25 2 TR ); ¢, EFL)
AR 5 d, #8232 00 TE R NED 5 e. #0522 Tebk & M. rosularia O (RH); f, WD HiE W 7S H .

Fig. 1. Mycetophila rosularia Ostroverkhova (a-c, f) and infested Hypsizigus marmoreus (d, e).

a, adult male in left lateral view; b, right wing in dorsal view (A, dark marking at middle; B, dark marking at subapical portion; C,

dark marking at apex; M,, vein M,); ¢, matured larva in left lateral view; d, infested stem of H. marmoreus, e, infested sporophore

and cocoon of M. rosularia (arrow); f, larva escaped from sporophore.

Gs

2. Mycetophila rosularia Ostroverkhova D &' 22 8% . a, 151 ; b, 47 V21 . Gs, LA .
Fig. 2. Male genitalia of Mycetophila rosularia Ostroverkhova. a, dorsal view; b, ventral view of right half. Gs, gonostylus.
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Strength of yellow cypress lumber

- Bending strength, compressive strength parallel to the grain, tensile strength

parallel to the grain, shear strength parallel to the grain, and compressive
strength perpendicular to the grain -

Hirofumi IDO", Hirofumi NAGAO" and Hideo KATO"

Abstract

Recently, the use of yellow cypress (Chamaecyparis nootkatensis) has been increasing in constructing the
foundations of a house due to its durability. However, at present, the standard strength requirements of yellow
cypress that is essential for structural design have not been determined, and there is an urgent need to set rectify this.
In this study, various tests were conducted on the strength of yellow cypress lumber and we collected data for use in
determining its standard strength. After conducting tests on the bending strength, the compressive strength parallel to
the grain, the tensile strength parallel to the grain, the shear strength parallel to the grain and the compressive strength
perpendicular to the grain, we have concluded that yellow cypress should be added to the current non-graded lumber
category and included among karamatsu (Japanese larch), hiba (false arborvitae), hinoki (Japanese cypress) and Port
Onford cedar.

Key words : yellow cypress, strength, bending strength, compressive strength parallel to the grain, tensile
strength parallel to the grain, shear strength parallel to the grain, compressive strength perpendicular to the grain
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R 1 10mm/min & U7z, FBRAA O Il i A e Bpic &
fiEt (RETHIBREL CDP-100) % #&%iE Uitk b
HEPET 2 L e bic, BIAD M LIcZNEE (
HEI#RE, CDP-10) ZHL D {1 Te A E (A8
400mm) 7R, HESICHBT BT AZRE L
Toeo BRI T2, RIZDIDSRDIZANTOHT Y >
FIRE WEEE Oz b R 5RO BT Y > 7%
B P EEBIBRE IS 3 K O sRE & B Uz, s
AL B EKENE Bk Z I 0 th L, 2EETE
IKERZPE Uteo HEORBRIAD 5 K025 FEIE A O
kY10 H U, R 20°C, BIRIEE 65%RH OHIR
TEIR N TRl LT R RIE L,

2.3.2 fitEHESAER

WEEfEERBR I M EZ W O 6 1% (630mm) & L7 AE
JEAERABAMA TIT o Too KA ED 3000kN O 1 #ii sk Bk
(B SERTSL, A-300-B4) 7% L > Y 600kN ICRE LT
i U, IAMEICET 2 £ TORRIAHR S 77icas K
SIS B 2 A U Tz iRtk B X mic B 5

REROFATR 2 IS, FRAEEEEAY 150mm TZNIE
(HEHIZRSL, CDP-10) Z&kiE L CLBZH|E Lic, M
ZENL DY 2 AR C DRRBRIRDZENL & UTeo adBRAE 1
&, MEHEREY > 768, MEHEREELBIRR LIS 6 K OHiEE:
MAGRIE 2 FH Ul BRI A5 © SR ME IRt B iA
280 L., EEZETERRZRE LT,

233513k Y BB

Men 15k 0 aBRIC e B, TR O HARRMEIR icUE
CTC. DI EROTF v v 7 RHEHC B0 % HR
HEWMK 2 T Tesh, i, B, LS. BNnEREL
Too B TR, Fr v oz S L—F—T¥HHEICL
THRHEE R ZE U, SRR DO MMERR & Rz L,
Mgl 0 RBIEF v v U W EE A E 020 1%
(2100mm) . A DO DHHET DE X % 950mm & Uiz,
HRORAED 2000kN ORE [5R O G5 (i) [ ERTHL,
HZS-200-LB4) Tz 11> 720 alBIADE T JFIAICH
% RO AT R 2 ML, AR B A Y 1000mm
TZAF (HETHIZREL, CDP-10) ##&RiE L TEE 2l
UTzo WZANL D72 B2 S TORBADEN & Uiz,
B T 1, MESIBR D Y > U RELL HES 5RO LEBIFR S
NBXCHEG RO EEZRN Ul BRGNS &K
FRREHABRAZY O H L, 2k TakEZHE L
Tzo TRTOREMAD S K25 B NE H OB A Z Y] D
HU. i 20°C, BEfRIEE 65%RH OHIEHIZE N T
A U T 2 IE Uz,

2.3.4 B ABTERER

FAWEER T RN R ARTER (JHE S , 2004)
ZAWTITo 120 Y10 REGBT DIRWMUDGERA R T 1Z
150mm, Y] REHMHOE I 45mm, B A Wi kL
105 X 105mm & U7z f R =D 3000kN O i ik 5k
B (Rl SUPERTEL, A-300-B4) % L >3 150kN IC 3% E
UCHM L, RAMEICET % F TORMAHK S ik
B XD ICHEEE AT Uz, BRI T, B A MR
BEM U, BEEERITEED S EKRHE H Bk % Y]
WU, 2L TEKRERE Lz,

2.3.5 & Y iAHEER

& DIARRERTE S AW D 6 £i5 (630mm) DBk
Wt U, BE 90mm O E T 1w 7 Zz il i
o ENCERET 2 EFIESRTITo>Tee ABRED
3000kN o #iak bk (i) I[H/ERTE, A-300-B4) % L
VY 300kN ICRRE L T L, ImAMEICETZET
DRI 5 72 % K& S IS EHEE L 2, ik
RO E X Jimo i IE I mifizIc 2 D AT ZNE (B
HERE, CDP-50) ZF&Z@E L., Z O ANy FOBHEE
WE Uiz MANRIO PR D DIARERRE Lz, i
B 7%, ©DABRE, b OARBRIRE, DA
MitEzZz B Uz, 72720, ABA (2008) Ik &, T8 D
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ABOIEHEGREE 1, FAMICHTT 2 E & (7] UiE o faf i
Ty s (ZaANy R) T LZEEIT, MR
LTS HEZREMIED 5% HOIAATE L EDIGIE
DS B, AR JTDEREKAE 75% D 95% FHIFFABR il
DB TH 5,1 LHB1D. 5% ERREDILT)
EHDETHEM Ul BHEAGE D S F7KRHE H R
RGO U, L TEKRZIE LTz,

RN T S A
HhF, MEERE. MEEIEED . BAKL, HVIABRDTXRT
DR A Table 4 ~ 81T T, Fh. LATFICKMmE
ARERIC DV T ORERZ RS,

3.1 BhFERER

U B BRAS S O RY B % Table 9 1S3 9, kBRT2ICHIE
U 7o 23 1 O M IX 508kg/m’. 28R AU 7.64%
THo o AT OHITY > 7RO FE I 9.34kN/
mm’ TH o feo T— XEOHE (FRIEVEREMZES
2005) L E#ES % & b/ FOTFHME 11.01kN/mm’, b
Nl 9.93kN/mm?* I [t N THE TRV EA R L 7
M. THARRSE Z AR E SRR IYE | 58 M 8 M O
e R (I AEREREES | 2006) 1SR E N7z S HEGH
MAREE, L IL#GT % &, &/ F & e/ DfE 9.0kN/mm’
B EE o Tee —/. A NI E O & [
BT — 2 Lg% &, ./ F 56.9N/mm’, b
47.0N/mm? IZ6f LT A L NE 49.6N/mm* THH. b
JFICEMIEEVE DD NOEE R FR o T, &
To. K& FAAPRL O FHEGR FERF M fE 1 — A% IS 5% FRRfE &
SNB70 (AARBEEESE 2006) . /28T A RY Y
I K0T RED 5% FIRMEZAEFH Uz, Z 0k
B XA NOHFEE D 5% FREAEE 26.8N/mm” &
RO, e/ BNNDET B SR 11 RE o #h ) R
% 26.7N/mm’ & [FEETH - I,

MR D FU A R RARIAS ) O FFEREE A 1T O H K IX
INCHE - T HE R T & DT 50 L EAERAS H 72 Table 10 1
R, BRICBU2HEMOEEE, 1IN A (£ik
%, LURFEIT) . 28h 34 A, 342 A, FHHH
16 KTH o>t Flz. Table 413 U7X S ICHiE S
THATT T2 &EFRIT RN EAD ., 1D 28 KR, 2
WAy 41 A, 3D 26 A, FEWAD S A TH -T2, BF
HWORBAET T Tld VA, Table 10 ISR LELEE
IKBWT 5% FRMEZFEHT S &, 1 42.4N/mm’, 2
% 35.5N/mm?, 3 % 29.4N/mm’, = &4+ 19.2N/mm’ ¢
Hotz, 72, TTTD 5% FIRMEIXIERD M ZRE L
THEHLELDTH B, %z JAS OHEERITH IS
U7zl sk Esdm s (k| 2000) L kg s e, v/
I 1 #% 38.4N/mm?>. 2 #% 34.2N/mm’, 3 #% 28.8N/mm?.
t N 1 % 34.8N/mm’, 2 &% 34.8N/mm’. 3 f 29.4N/
mm® EIFIFEZOR L Koz, Feo BT os
Y IREICB U T, FHICHE > T BB Y72 fH D E
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RS N> T,

3.2 fitEMEEER

A AR BRSSO M B % Table 111239, Mt EFETR
JED M IX 28.5N/mm® TH > Tz, T—RE LGS
% &, PEERA ORERE THEM N HICE TS/
F O FHE 33.IN/mm’, 715 <Y Ol 32.5N/mm’
IR U TERWEZ R L, & SIS EHEER TV EEHICE S %
A F O 28.9N/mm? 1<% L T EAL WMl 2 77 L 7z,
F o N A N HEEREGRE D 5% T FRAE & 20.4N/
mm’ THo Tz, Th, B ORUERE & higd
. RALNZEAHTIY, BN, b /F, RAbEH
o FHIERS T4 O FLHETR T 20.7N/mm” I IFHS T % A,
DEMT FE> TWe, 7L, AR TIRE/KRITX
% BB O IEIZ EEARBNC I L TR WA, HEE#i
MR EKEORE R RELZTZ EMMBENTY
% (ER,199) ., D=8, ASTM D-2915-98 (ASTM
International, 1998) I fit > Tt H i il B 7 & /K R 15%
REDMEICHIIE UTzo Z OREH. HEIE M o ik
319N/mm* &0, F—X2EDOH T VHYOfHE L %
Slte BB, T XEOBEIEETIKEZ 15% I HIE
LIliCH %, REEICARA BIRD 5% FIRAEE 21.7N/
mm’ & 7% D SRS T O REREZ LT 5L %>
720

3.3 #5135k ) EBR

5155 0 A BRAS O & Table 12 1IC/79, iRk
WCHIE U 7o K225 1 O F i1 506kg/m’, 2R EUE
6.54% Td > Tz, ME5I5E D HE D 5% IR 17.7N/
mm’ TH oz, TNz ERI OFUERRE & LIS 5
ELTARY, ravy, XAV OET B EER T
DOFEAERIT 17.7N/mm” ICHY U7z,

MR O H A EERABIAS ) o RS 1T O H AR X
IICHE S T2 FHR T & DT 158 0 s8 L ERS  Z2 Table 13
KRS, FMOBAEE, TR 124K, 2HH 31 A, 3
WIS 39 A I 18 K TH - Tz HhIFFRER A & [AIRE.
BERORBPEEIE 0 TREEROD, 5% FERIEZ B
5 & 1§ 18.6N/mm’, 2 #% 18.3N/mm”, 3 #% 14.5N/
mm?, ZFY 8.79N/mm’ TH-o7z, %K. TTTD 5%
TIRERERSAENELTHEELEZEDTHS, TN
% JAS O HHEHIS 0 U725 155 0 BLuesh g (R
#,2000) LT B L, b/ F 1 #22.8N/mm’, 2 )
20.4N/mm?>, 3 #% 17.4N/mm>, & /3 1 #% 21.0N/mm?, 2
% 21.0N/mm?*, 3 #% 18.0N/mm> TH D, b /F LN
DHHAEFREICH U T THRWVEZ /R LD, v/ 3+,
CNEE USHEM I EO 5 <Y 1# 18.0N/mm’, 2
M 15.6N/mm?, 3 #% 13.8N/mm’ I & L CTldndFho%
M AR % a5z, Fz, iU FBOR R kR
0. MHREIEDY > R MESIRD Y TR &
ICFERITHE > Te ERBE IR H DB N DR B Nz,
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/e, BKRRICKZBEMIER LRWIRREET OIS -
HMEFERE « #E5 [9R D sREERFIEME DA LI 1 20.76 1 0.66
T%?f&to

3.4 B AMREIER

B A MR B S O WS & Table 14 12”9, B AWR
JED 5% R 5.2IN/mm’” TH - 7z, TNz EEk
MOFUESRIE & i % & IS O EER 1 R
HERRIE 2.4N/mm’ 2 K& LHl> Tz, £, HUHE
KOGTHERER T XTI > e S htkE R S |, 2006) & D
bbig % Table 1512”79, 735, SCHRIED 5% T FRAE &
EE R NELIZEDTH D, TRXTOMET 5% R
RRAM % 75 Rt fe D FLHETR [ 7 K & < LAl > Ty, XA
LND 5% TFIRMEIE I, HIFEICET B /F. XA
A (e BITHEMERE 2.IN/mmY) &, AFDOET 3 IV
FH CRMESREE 1.8N/mm®) D 5% FIRIEDRICH - 2o

3.5 & V) iA i BR

B 0 A B AR B F O B EL & Table 16 1S /R8T, 5% £
JEHREDIS M BB Uz D ARIRE D 5% FIRAEIE
4.79N/mm’ T&H > 7z, Table 2 1</ L 728 b 3AF 0D HHE
SRS L LR B &L NE SIS RRRE O JLUER T 7 8N/
mm’ % RE> Tz, 72720, KRB CTHRHALEDD
AFakER 5 0E, 1SO 13910 (ISO, 2005) Dtk /50 &
FREDE DM, DA TIE 20mm b D IAATZHED
IS ST BRI OIS ] DK N T 5 8D 0 AHEE BT
BT LILEH>TWVD, TOHIEICXBZRXALNDDH DA
BRABRFE fr00 ICDWT 5% FIRMEZRH Uiz, [\ Ul
LTiiol o=y (BHES |, 2005) . B8 (#iK - i
7L, 2006) . AF (HH - R, 2005) . N1V H (Ido
et al., 2007) OFERH S FREOHENFTHHENT VS L
DFZDHEZ, FREDOHED T N THENEDIFIE
DT ZIE L 5% FRRfEZRDTz, NA eNEDLLig
% Table 17 1SR, Z DR, 5% ZTERFOIL ] & 5L
AL DR EITET D XA /NDD DIAHIERE [ o
D 5% FIREIF e NNE RGO E K- Tz,

4. FLtH
NA CSNOIHEREE DT — 221535 L Z2H
e LT, SHERERRZTT > 7o, i, HEHEH, W5
RO BAWL O DIAHMBROKERD S KGN HIWTS
B & A e NZBUHEDOBERM OBIRRHSENS %55
B, WHED, B UDOE, XU LA UBFEERICE
VETENELTHD EEZ SN,

AWTFEE E Al SRR R i (et i B 228, AE
HREYORED R HICE T ZMAZB RN TITo 72, &
By EB2ITOICE > TE, E EHEATBERRR ST
DREABRR D THREZ . FRARMSENT I E AT O R E

A— BB D T 2 TN Tz,

5 SRR

ASTM International (1998) “Standard practice for
evaluating allowable properties for grades of
structural lumber” , ASTM D-2915-98.

FEARE - RS - Ik EHE (2004) F2RNGHIE A
Wria HL 72 Fl O 7o A S840 i O & AR O FEA , AR
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shear strength parallel to the grain, and compressive strength perpendicular to the grain -
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Table 1. JRESEANAS D FLUEGR T

Standard strength requirements for non-graded lumber

SRR
Standard strength requirements
(N/mm®)
fott
Species e LA fit5 3£ 0 ity AW
Compression  Tension parallel Bending Shear parallel to
parallel to the to the grain the grain

grain

LH SHHED, (HED, NED 222 17.7 28.2 2.4

Akamatsu, Kuromatsu, Douglas fir

MEED, TG, DDE, NV

A . . . .
M Karamatsu, Hiba, Hinoki, Port Onford cedar 20.7 16.2 26.7 2.1
i) e DB RN
Softwood 1A Tsuga, Western hemlock 19.2 14.7 25.2 2.1

LR, ATED, LEED, NcED, T&,
CORNTE, RS IL—2R
v 17.7 135 222 1.8

Momi, Ezomatsu, Todomatsu, Benimatsu, Sugi,
Western red cedar, Spruce

) 1% » LU Kashi 27.0 24.0 38.4 4.2
JE RS

Hardwood e (DL ED, Bx, IR E
1% Kuri, Nara, Buna, Keyaki 21.0 18.0 29.4 3.0

Table 2. BIkf D& O AT D FLHAEGR T

Standard requirements for compressive strength perpendicular to the grain for lumber

RifA SRR
Species Standard strength requirements
(N/mm?)
HHED, {AHED, NVED 9.0

Akamatsu, Kuromatsu, Douglas fir

MHED, Gl TOE, R0
FEEAs : - 7.8
& Karamatsu, Hiba, Hinoki, Port Onford cedar

Softwood S, NVON, BH, ATED. LEED, NCEO.
TE AT E AT NV—A 6o
Tsuga, Western hemlock, Momi, Ezomatsu, Todomatsu, ’
Benimatsu, Sugi, Western red cedar, Spruce
» L Kashi
sk ML Kas 12.0
Hardwood D, &6, Bz, FPE 10.8

Kuri, Nara, Buna, Keyaki

Table 3. %527 )L — T D FLNF OHFE L HHRENEIC X 5V > 7RO E
Average of apparent density and Young’s modulus by longitudinal vibration method in each group
R oE )k MEHRBRE DY > 715
Apparent p Ey
(kg/m®) (kN/mm®)

MY « MEHEAR « &AM - D DATEERA S L—T

Test group of bending strength, compressive strength parallel to the grain, 523 (6.82) 10.3 (15.3)
shear strength parallel to the grain and compressive strength perpendicular
to the grain

it 5% 0 ikBRA 7 )L — T

521 (6.46) 10.3 (15.2)
Test group of tensile strength parallel to the grain

p: B Density, Ey.: HHRBIED Y > 7% % Young’s modulus by longitudinal vibration method.
77 INOEIZZEUREL (%) 7779 Value in the parentheses is coefficient of variance.
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Strength of yellow cypress lumber
- Bending strength, compressive strength parallel to the grain, tensile strength parallel to the grain,
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shear strength parallel to the grain, and compressive strength perpendicular to the grain -
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Strength of yellow cypress lumber
- Bending strength, compressive strength parallel to the grain, tensile strength parallel to the grain,
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shear strength parallel to the grain, and compressive strength perpendicular to the grain -
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Strength of yellow cypress lumber
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Strength of yellow cypress lumber
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Strength of yellow cypress lumber
- Bending strength, compressive strength parallel to the grain, tensile strength parallel to the grain,
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shear strength parallel to the grain, and compressive strength perpendicular to the grain -
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Strength of yellow cypress lumber
- Bending strength, compressive strength parallel to the grain, tensile strength parallel to the grain,
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shear strength parallel to the grain, and compressive strength perpendicular to the grain -
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Strength of yellow cypress lumber
- Bending strength, compressive strength parallel to the grain, tensile strength parallel to the grain,
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shear strength parallel to the grain, and compressive strength perpendicular to the grain -
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Table 10. WX 7 T LI Fz iy

AIBRAG SR

IDO. H et al

Test results on bending strength by visual grading according to Japanese agricultural standards for sawn lumber

AR IEAS 1T

Hhro

HEIRBIE D

g odhF

Ak 1. o
19 K s Yoo voomm  MTRE s PRI
For bending member 11 %) Apparent p E, Apparent E, N /n:mz) (N/mm?)
1st grade (kg/m®) (kN/mm®) (kN/mm®)
FBRIASL TP No. 8 8 8 8 8 8
S Mean 18.0 512 11.1 9.87 54.4
ZENREL CV (%) 5.54 7.25 17.7 16.8 10.1 424
/) ME Min. 16.0 456 7.89 7.14 47.5 '
e A H Max. 18.9 555 13.2 11.8 61.0
TR 1 - RAMF D BHEBIED Ao - -
24 Ak i XUTRE YV THRM SR o PR
For bending member I1 %) Apparent p Eq, Apparent E N /n:m2) ? (N/mm?)
2nd grade ’ (kg/m’) (kN/mm?) (kN/mm?)
Al BR A% TP No. 34 34 34 34 34 34
SEEE Mean 17.9 520 10.4 9.35 52.1
LRI CV (%) 6.38 6.52 17.6 16.8 17.2 355
/) MiE Min. 15.4 443 5.53 5.10 31.0 ’
I KA Max. 19.9 586 13.8 12.4 72.1
HURRRS G 11 e R0 HHEBRED  HA o ! R
3 4 i s Y oRm vy MR % PRI
For bending member II %) Apparent p Egy Apparent E, N /rrl;mz) (N/mm?)
3rd grade (kg/m®) (kN/mm®) (kKN/mm?®)
FBR{AEL TP No. 42 42 42 42 42 42
“FEfiE Mean 182 523 10.5 9.42 48.7
ZENRECCV (%) 7.61 7.56 18.0 16.8 21.6 204
Ie/IMi Min. 16.4 455 7.02 6.76 24.7 '
I A fiE Max. 22.5 603 15.1 12.8 68.1
FTREHEE 1 P RGO BHEBRED  RAU o ! .
T i s Yoo vosmy  TTRE o S PRI
For bending member 11 %) Apparent p Eg, Apparent E, N /rr:mz) (N/mm?)
out of grade (kg/m®) (KN/mm’) (KN/mm’)
AR AERL TP No. 16 16 16 16 16 16
SFYfE Mean 18.6 522 9.85 8.83 44.0
ZEHFE CV (%) 7.81 6.41 12.5 12.2 28.5 19.2
/) ME Min. 17.1 449 7.84 7.07 22.8 '
e KA Max. 21.9 582 11.9 10.8 64.1

MC : & 7K 3 Moisture content, p . % J& Density, E;, © ft R 815 DV > 7 1% 5 Young's modulus by longitudinal vibration
method, E, : {2 7251 Bending Young's modulus, ¢, : i35 Bending strength, CV : Z5#){%% Coefficient of variance

NS RO
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Strength of yellow cypress lumber

- Bending strength, compressive strength parallel to the grain, tensile strength parallel to the grain,
shear strength parallel to the grain, and compressive strength perpendicular to the grain -

145
Table 11. #EFFAERRERAS F O
Summary of test results on compressive strength parallel to the grain
Rnigo RSN %D e A e g
Llestz Gi %
A s YYUEE vooke WERRE s PRI
Apparent p E,, E, . pebisiee
() (kg/m’) (KN/mm?) (KN/mm?) (N/m’) (N/m’)
FRBR{A%YL TP No. 100 100 100 99 100 100
T4l Mean 16.9 514 10.3 9.81 28.5
ZEENREL CV (%) 3.99 6.90 16.3 24.6 16.1 204
/)M Min. 15.4 429 6.24 4.88 18.9 '
K AE Max. 18.8 628 15.9 18.5 41.4

MC : &7K#% Moisture content, p : %% Density, Ey, : HHRENEDY > 7425 Young's modulus by longitudinal vibration method, E, : it
Y > 7R EL Compressive Young's modulus, o, © #tH-fiif% Compressive strength parallel to the grain, CV : Z8E{# £ Coefficient of variance

Table 12. #t5 |58 O GBS SO

Summary of test results on tensile strength parallel to the grain

\ CEHET] ot [
whs " N woomn  ROREDRE s
(%) Affgffq?;p (ko;;;lmz) (kNi;mz) (N/mar’) (N/mm’)
AAERIRH TP No. 99 100 100 100 100 100
S Mean 18.4 521 10.3 9.80 34.3
ZETHFAL CV (%) 6.45 6.46 15.2 16.1 32.8
5/IME Min, 15.6 447 6.34 6.16 15.5 77
A Max. 22,0 615 14.6 13.7 69.2

MC : %7K% Moisture content, p : %55 Density, Ey,, : ftiRENEDY > 7 1%E Young's modulus by longitudinal vibration method, E, : {5 [5E D
Y > 7% E Tensile Young's modulus, o, : #¢5 [5E VD 5% Tensile strength parallel to the grain, CV : Z5Hf{%& % Coefficient of variance
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Table 13. HHZHRIX 79 &A1 F 7t 158 D GRS R

Test results on tensile strength parallel to the grain by visual grading according to Japanese agricultural standards for sawn lumber

IDO. H et al

FREREEGAS 1T

R o

HEIRBN LD

i [ O

Ll s n . . o .
1k o s Yoo vorg  ROERYERE S PRI
For bending member I1 %) Apparer}lt P Eq, . ApparentzE[ N /rr;m2) (N/mm?)
Ist grade (kg/m’) (kKN/mm”~) (kKN/mm”)
FBRASL TP No. 12 12 12 12 12 12
FEE# Mean 18.3 524 11.5 11.2 439
ZEEREL CV (%) 8.00 5.86 10.4 10.1 28.2 186
/) ME Min. 16.3 470 9.45 9.34 233 '
I AAH Max. 22.0 570 13.5 12.9 69.2
TR A1 1T o tostz HinFo RSN %D D) ; a 0
248 e s YUoRE vougy  TOMRDEIE e PRI
For bending member 11 %) Apparer}lt P E., . ApparentzEt N /n‘imz) (N/mm?)
2nd grade (kg/m’) (KN/mm”) (KN/mm”)
AER AR TP No. 31 31 31 31 31 31
SEE{E Mean 18.5 517 10.3 10.0 383
ZEBIRE CV (%) 5.22 6.00 15.3 15.6 28.1 183
e/ )M Min, 16.9 475 7.03 6.81 21.1 '
e AiE Max. 21.3 590 13.9 12.9 67.5
FRBKEHA 11 _— R0 HERBITED 313D y R
For bending member II %) Apparer:t p Egqy . ApparentzE‘ N /m‘mz) (N/mm?)
3rd grade (kg/m’) (kKN/mm”) (KN/mm”)
FRER{AZL TP No. 38 39 39 39 39 39
YA Mean 18.3 524 10.1 9.54 30.5
ZEENREL CV (%) 548 7.24 14.6 15.8 28.5 145
He/)ME Min. 16.0 447 7.70 6.69 17.0 )
e KA Max. 20.4 615 14.6 13.7 54.8
FHRRARIE RS 1T PR FFo fitREn %D it 155 D " 0
e ik i YU roopm  ROIRDIEIE s PRI
For bending member I1 %) Apparer}lt P Eg., . ApparentzE‘ N /n;m2) (N/mm?)
out of grade (kg/m’) (kKN/mm~) (kKN/mm~)
BRI TP No. 18 18 18 18 18 18
Tl Mean 18.6 523 9.67 9.14 29.3
ZEIREL CV (%) 9.06 6.11 15.9 16.7 359 8.79
/) MiE Min. 15.6 475 6.34 6.16 15.5 '
I AfH Max. 21.6 575 12.6 12.9 49.8

MC : &7KZ% Moisture content, p : %5 Density, Ey,  HHRENED Y > 7 1%EL Young's modulus by longitudinal vibration method, E, : #t7 [7E O
Y > 7% H Tensile Young's modulus, o, © {7 [3E D 58J% Tensile strength parallel to the grain, CV : ZE8{Z%L Coefficient of variance
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Strength of yellow cypress lumber
- Bending strength, compressive strength parallel to the grain, tensile strength parallel to the grain,

shear strength parallel to the grain, and compressive strength perpendicular to the grain -

Table 14. 1 A WTARERAS 5 O HE

Summary of test results on shear strength parallel to the grain

BFo
ke e & AW 5% TREME
MC e o, 5% lower limit
(%) Apparent p (N/mm”®) (N/mm’)
(kg/m”)
AR A% TP No. 100 100 100 100
S fiE Mean 16.1 514 6.66
ZENREL CV (%) 2.59 7.71 13.9 .
f/]M Min. 15.2 425 4.68 >
B AKAH Max. 17.2 635 9.00

MC : &K% Moisture content, p : i Density, o, : & A Wi & Shear strength

parallel to the grain, CV : ZZH1{##{ Coefficient of variance

Table 15. FERUWG I AUWRABRIC X 2 flfifE & o L

Comparison with other species using the full-scale block shear test

147

B AMIEE o,
Huknieg
=
- IIJ':_‘/' %?ﬁ - Standard
oot N JIH SEYiE 5% FFRAE EEIMFREL strength
pecies can p Mean 5% lower limit Ccv requirements
(kg/m’) (N/mm?) (N/mn1%) (%) (N/mm®)
A A %Y Douglas fir 519 7.62 5.79 13.3 2.4
t /& Hinoki 515 8.74 5.73 18.8 2.1
AN A F Western hemlock 477 7.50 5.42 15.3 2.1
A b\ Yellow cypress 514 6.66 5.21 13.9 -
AF Sugi 414 6.41 4.82 13.8 1.8

p . B Density, o, © & AWHEARE Shear strength parallel to the grain, CV : ZEHf{%& % Coefficient of variance
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Table 16. & O JAF GBS T OO R

Summary of test results on compressive strength perpendicular to the grain

P I=haE) MHREED 5% B O
B il sy 3 : 5% FBEA
MC I YRR V3| 5% lower limit
(%) Apparent p e Ocy-5% (N/mm?)
0 (kg/m®) (kN/mm®) (N/mm?)
AR A% TP No. 100 100 100 99 100
SEYI{E Mean 16.1 513 10.4 7.13
ZZHIREL CV (%) 3.86 7.30 14.2 17.7 47
/M Min. 14.4 436 6.80 432 )
B AKAH Max. 17.6 631 15.1 11.9

MC : & 7K3 Moisture content, p : i Density, Ey, © ftHRENE DY > 7% Young's modulus
by longitudinal vibration method, o¢y.sy, - 5% ZJERFD)E ] Compressive stress perpendicular to the

grain at 5% deflection, CV : Z#{#% Coefficient of variance

Table 17. 18O 8 D jAH SR /T 1S K B fhsfd & o L
Comparison with other species by ISO test method

¥ 0 SATHRIE fro0
D FLuksm s
ot MR TR g oandafd
Soeci ]'i; ? M ~1A A 5% T PRAE Z TR strength
pecies fumber kefm}p Mean 5% lower limit (6% requirements
(kg/m’) (N/mm?) (N/mm?) (%) (N/mm?)
717X Karamatsu 15 - 9.28 7.77 8.2 7.8
&7\ Hiba 31 500 11.1 6.52 17.3 7.8
A B3 Yellow cypress 100 513 9.48 6.51 17.8 -
AT Sugi 38 400 8.22 6.37 - 6.0
A 7] Western hemlock 50 483 9.37 5.03 25.6 6.0

p - Density, f;o0: 8 D IAFEE Compressive strength perpendicular to the grain, CV © Z8#){%%} Coefficient of variance

A

Pt

g_\fl
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e/ LR AR K A R R 5 (2001 2 1 H ~ 20054212 A)

FLE ]
T =21h, % B, e e, wEh S, Ml A
AL T B3 FIcEE I N 1%/ DMﬁMfﬁﬂﬁJﬁ%ﬁﬂﬂm%ﬁ&’% ( 001l FF 1 H~20054F 12 A) ] @ 7§~
(1/3?%%35_%23&?’: 2005 FE 1~ 12 HOomEALIEAOHBHET — X2 ANES> THIRILTWE LD R
FLSE150EH~151EHOEB T,

Erratum to: Hydrological Observation Reports in Tatsunokuchi-yama Experimental
Watershed (January, 2001 — December, 2005)
Koji TAMALI, Yoshiaki GOTO, Yuji KOMINAMI,
Takafumi MIYAMA and Ikuhiro HOSODA

An error was published in Bulletin of FFPRI, Vol.7 No.3, 125-138. The daily runoff data from Kitatani and Minamitani
catchments were misplaced each during January — December, 2005 (published in page 137 and 138). The corrected data

is shown below.
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