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Shrubs in Japanese Red Pine Forest Adjacent to the
Terrestrial Environment Research Center, University of Tsukuba

goobo-cboooo~gooooo~ooogoo =
Shin-ichi IDA” , Yohei HAMADA™ , Yutaka ABE *** and Tadashi TANAKA ™

Abstract

O Vegetation survey of shrubs was conducted in the warm temperate forest adjacent to the Terrestrial
Environment Research Center, Univ. Tsukuba, to obtain the basic information for studying the change of
water balance due to the succession from Japanese red pine (Pinus densiflora Sieb. Et Zucc.) forest to
oak (Quercus myrsinaefolia Blume) forest. Referring to previous studies, it is suggested that this
succession will complete around 2020 by the simple logistic regression analysis of the decreasein stand
density of red pine. The species of shrubs are comprised mainly Quercus myrsinaefolia Blume, Eurya
japonica Thunb. and Rhus trichocarpa Misg. The maximum leaf area index (LAI) of the forest
increased from 4.0 in 1985-1986 (Sugita and Kotoda, 1987) to 5.0 (£ 0.3) in 2001-2002: the former and
the latter data were measured at the pure forest of red pine, and at the mixed forest, respectively. On the
other hand, since the maximum LAI of pine was estimated to be 2.7 (+ 0.4) in 2001-2002, it decreased
due to the decline of red pine's stand density and vegetation activity. It was made clear that there are
obvious rel ationships between diameter at breast height (DBH) and crown projection area or tree height
for all tree species. Therefore, it was concluded that DBH is a useful parameter in this forest for
determining the forest transpiration or interception loss by sap flux or stemflow measurements.
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Height Horizons Description
(cm)
+3t00 Ao Litter of Japanese red pine and shrubs
Dark brown (10Y R3/4), silty loam (SiL) with organic
Oto-15 A, substance, very weak crumb structure, moderate sticky, non-
plastic, clearly flat boundary
1510-35 B Dark brown (10Y R4/4), loam (L), weak angular blocky,
! moderate sticky, non-plastic, abrupt flat boundary
-3510-90 B Brown (7.5Y R4/4), silty clay (SiC), moderate angular blocky,
2 dlightly sticky, dlightly plastic, clearly flat boundary
Brown (10Y R4/6), clay loam (CL), weak angular blocky,
-90to B3

sticky, plastic

Soil hardness (kPa)
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Observed on March 13, 2001.
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A: Shirakashi (Quercus myrsinaefolia Blume)

B: Hisakaki (Eurya japonica Thunb.)

C: Yamaurushi (Rhustrichocarpa Misq.)

D: Konara (Quercus serrata Thunb. ex. Muuray)

E: Hinoki (Chamaecyparis obutusa (Sieb. Et Zucc.))

F: Yamazakura (Prunus jamasakura Sieb. ex Koidz)

G: Kamatsuka (Pourthiaea villosa var. laevis)

H: Sawahutagi (Symplocos chinensis var. leucocarpa
forma pilosa)

I: Sugi (Cryptomeria japonica (Linn. fil.) D. Don)

J: Kobushi (Magnolia kobus)

K:Kuri (Castanea crenata Sieb. Et Zucc.)

L: Shirodamo (Neolitsea sericea (BL.) Koidz.)

M:Uwamizuzakura (Prunus grayana)

X: Akamatsu, Japanese red pine (Pinus densiflora Sieb.
Et Zucc.) for reference
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Carbon-13 Natural Abundances of Organic Matter and
Carbon Dioxide in Soil Profiles on Tsukuba Upland

gooooooooo
Yohet HAMADA" and Tadashi TANAKA™

Abstract

O Natural abundances of carbon-13 of soil organic matter and soil carbon dioxide were measured and
their origins and determining processes were discussed. Samples were collected from 10 a largely
disturbed grassland soil, and 20 relatively natural soil under a planted pine forest adjacent to the
grassland on Tsukuba Upland, Japan. Stable carbon isotope ratio of the organic carbon was generally
-20 to -22 per mil, indicating intermediate values between C3 and C4 plants. This would result from
continuous vegetation changes from forest to grassland and vice versa, probably due to the traditional
land use in the study area. Carbon-13 abundance of carbon dioxide in the forest soil was low in
summer and high in winter, and decreased with increasing depth, suggesting the mixing of
atmospheric carbon dioxide that was rich in carbon-13. According to Keeling plot analysis, the source
of carbon dioxide has a & value of -27.8 per mil, a representative value of current C3 vegetation.
Carbon isotope ratio of carbon dioxide in the grassland soil showed relatively complicated profiles,
which reflect largely disturbed and compacted soil horizons. Contribution of the previous surface soil
buried in the grassland to the total carbon dioxide, which means all carbon dioxide both in soil air and
dissolved in soil water, was 6100 in January and 1400 in August.
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Settling Flux of PAHs on the Ground Surface

Ardhendu Sekhar SHANNIGRAHI", Takehiko FUKUSHIMA *,
Noriatsu OZAKI ** and Shuichi HASEGAWA ™

Abstract

O Three methods (bucket, downward and upward surface plate, and water vessel) for measuring dry
deposition were used at the three different heights (0.5 m, 1.5 m and 12.5 m) to estimate the real
settling fluxes of mass and Polycyclic Aromatic Hydrocarbons (PAHS) in TERC (Tsukuba), Japan.
Ambient air samples were also collected there using a high-volume sampler. Particle size distributions
and composition of PAHs were measured by the low pressure cascade impactor (LP-20) at NIES
which is located about 5 km south of TERC. Settling velocities were calculated as the settling fluxes
divided by corresponding average ambient air concentration. The results showed that small particles
dominate atmospheric dry deposition of PAHs and that bucket deposition fluxes and net fluxes
decrease with height due to re-suspension and/or vertical distribution of suspended particles etc. The
results also indicated that downward fluxes overestimated and net fluxes underestimated the real
fluxes for both mass and PAHSs. To estimate the real fluxes, we can assume that net flux is the first
approximation.

Keywords: Polycyclic aromatic hydrocarbons, Atmospheric deposition; Net flux; Settling velocity;
Size distribution

O O Introduction

Polycyclic Aromatic Hydrocarbons (PAHS) are organic
compounds, containing more than one benzenering. Sixteen
PAH congeners have been classified as priority pollutants by
Environmental Protection Agency (EPA), USA dueto their
carcinogenic property. Interest in atmospheric deposition has
increased over the past decade because depostion is an
important pathway for the transfer of pollutants from the
atmosphere to natura surfaces. Dasch (1985) found that

bucket collected more dry deposited materia than Teflon,
fail, or coated foil surfaces. Previous attempts to quantify
PAHs dry depositions have found that there is ill no
generaly acceptable technology for sampling and analyzing
dry deposition flux. Therefore, till now, there has been
insufficient data to rdiably estimate and understand PAH
movement in the environment. Recently, a greased, smooth
surrogate  surface was  successfully used to measure
particulate fluxes of organic and inorganic air pollutants (Yi
et al., 1997; Tasdemir, 1997; Franz et al., 1998; Cakan,
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1999; Shahin et al., 1999; Shahin et al., 2000; Yi et al.,
2001; Vadar et al., 2002). Since this surrogate surface does
not sgnificantly disturb airflow, it gives estimates of the
lower limits of dry deposition compared with rougher
natural surfaces.

Various surrogate surfaces have been used in the past
with the deposition flux shown to be dependent on the
shape and properties of the surface (Davidson et al.,
1985; Vandenberg and knoerr, 1985). Surrogate surfaces
are often used because they are relatively inexpensive
and do not possess many of the problems associated
with the biological surfaces. However, no surface has
been established as a standard. The present collection
surface was patterned after those used in wind tunnel
studies (McCready, 1986) and was designed to provide
minimum air flow disruption and thus provide an
estimation of the lower limit for dry deposition flux
(Davidson et al., 1985; Vandenberg and knoerr, 1985).

A comparison of various dry deposition surfaces has
shown that the deposition flux is afunction of the collector
surface geometry and that a smooth surface provides the
lowest deposition flux. The flux plate was designed so that
it could smultaneoudy collect particles on the upward and
downward surface plate. This provides information on
both particle deposition and suspension. Particles collected
on the deposition upward and downward surface plates are
used to caculate net flux (downward flux - upward flux).

The objectives of this study were:

1. To compare different settling methods to estimate
mass and PAHSs fluxes at the three different heights.

2. To estimate rea fluxes of mass and PAHs on the
ground surface.

O O Experimental section

2.1. Deposition plate
The dry deposition flux was directly measured by using
smooth surface plastic plates (0.45m x 0.3 m x 5mm)

of which both surfaces were covered with auminum sheets

(0.3mx 0.2 m) coated with approximately 15 mg silicon

grease. The plates were fixed to the horizontal bars at the

three different heights. We call the flux measured by the
upper sheet the downward flux and that measured by the

lower one the upward flux. This hydrophobic grease has a

high molecular weight and low vapor pressure and is

therefore suitable to measure PAH flux and it is suitablefor
measurement of particulate matter and PAHs. Before
sample callection, the grease was sprayed onto the
aluminum shests. Sheets were then put in an oven at 50 [

for 90 minutes to remove the volatile substances. The
sheets were weighed before and after sampling to
determine total mass of the particles collected. The greased
sheets were then extracted and analyzed for PAHSs.

Analysis of unexposed aluminum greased sheets (blank)

showed that their PAH mass was bel ow the detection limits

of this study.

The following features were considered to be applicable
to the smooth surface plate for measuring the deposition
fluxes under study:

a A smooth surface produces minimum deposition
velocities for surrogate collectors under atmospheric
conditions (Davidson et al. 1985).

b. An aerodynamic boundary layer that devel oped over
asmooth, flat, acrylic plate with asharp leading edge
in wind tunnel studies (McCready, 1986) is present.

c. Particles are deposited on the surrogate surface plate
due to interactions between the particles and the
turbulent motion of the atmosphere if the particles
areintheinertial deposition range.

d. The greased surfaces prevent particle bounce
(Holsen et al. 1991).

2.2. Sampling program

Experimental site is located at Terrestrid Environment
Research Centre, University of Tsukuba, Tsukuba, Japan
(36° 06'35" N, 140° 600" E and an dtitude of 27 m).
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Experiments were conducted at three different heightsi.e.
05 m, 1.5 m and 125 m, using three different settling
methods: (1) downward and upward surface plates covered
by aluminum sheet (exposed surface area 0.06 N?) coated
with silicon grease, (2) bucket (exposed area 0.046 nv?)
and (3) water vessel (exposed area 0.039 m?).

Deposition fluxes by water vessd method were
measured only a 1.5 m height. Simultaneoudy, air
samples were also collected at TERC building roof (about
7 m height) using a high volume sampler. For particle size
digtribution, air samples were collected using a low
pressure cascade impactor (LP-20) on the building roof
(about 3 m height) in NIES campus which islocated about
5 km south of TERC. The sampling apparatus of dry
deposition are shown in Fig. 1.

Simultaneous dry deposition and ambient air samples
were collected between July and December, 2002 at TERC
and particle size distribution air samples were collected at
NIES during November, 2002. During periods of no rain,
the dry deposition plates alow adequate materid to be
deposited for the PAH analysis. Each set of dry deposition
samples was typically exposedfor 2-5 for days; each high-
volume sample was collected for 24 hrs. Air samples for
measuring particle size distribution were collected for 3
days. Wind speed (ms?) was measured at 1.5 m height
during the study period.

[e— 03m—p l‘__0.17111”

s
0.2 m|| /11T | lePlastic plate

Hnnmininin .
unyAE-Silicon grease 0.36

Aluminum sheet l

(a) Plate (b) Bucket
le—0.23 m —»}
0.17 m\p/

(c) Water vessel
Fig. 1 Different sampling apparatus of atmospheric deposition

2.3. PAHSs extraction and analysis

After collecting deposited samples, the silicon greased
aluminum sheets and glass fiber filter papers were dried for
two days at room temperature and subsequently put into a
50 ml glass bottle and extracted with dichloromethanein an
ultrasonic water bath for anadyss of particulae PAHS.
Extracts were concentrated with N, before GC/MS
andysis. For andysis of solvent PAHSs, the euent was
filtered through SepPak tC 18 and PAHs were trapped in it.
Entrapped PAHs were extracted with dichloromethane, and
the elution was also concentrated with N,. PAHS were
andyzed with a GC/M S (Shimadzu). In this study, 16 PAH
congenerswere analyzed and their abbreviations, molecular
weight (MW), chemical formulaand structure are shownin
Table 1.

O O Results

3.1. Settling fluxes of mass and PAHs

Mass fluxes decrease with height. At 1.5 m, sattling fluxes
of bucket, downward surface plate, water vessel, and upward
surface plate decrease in this order: bucket > downward plate
> water vessel > upward plate (Fig. 2). Net fluxes (downward
minus upward) of mass which were nearly the same
magnitude as upward fluxes were very low. Similarly, Fig. 3
shows that PAH fluxes decrease with height except the flux
of the bucket at 0.5 mand a 1.5 m, and that settling fluxes of
water vessdl, bucket, downward surface plate, and upward
surface plate decrease in this orde (Fig. 3). PAH fluxes of
bucket were about four times higher than net flux. These net
fluxes were very smdl because PAH fluxes difference
between downward and upward surface plate were very low.

Settling fluxes of mass measured by the previous
studies were reported as 175 mgm2d* by Noll et al.
(1989), 193 mgm2d by Holsen and Noll (1992), 163
mgm-2d-1 by Lin et al. (1993) and 134 mgm-2d-! by Sheu
et al. (1996). The settling fluxes of mass measured in
this study were about one seventh to one fourth of the
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Table 1 Measured PAHs and their abbreviations, molecular weight (MW), chemical formula and structure

Benzo[b]fluoranthene B(b)F 252.3 CyoHi2

PAH Abbreviation | MW Formula Structure
Acenaphthylene ACY 152.2 CioHg &
Acenaphthene ACE 154.2 Ci2Hio &
Fluorene FLU 166.2 Ci3Hio ErEy
Phenanthrene PHEN 1782 CieHio @Q}
Anthracene ANTH 178.2 Ci6Hio OO0
Fluoranthene FLUR 202.3 CisHio %
Pyrene PYR 202.3 CisHio wf‘?‘:u i
Benz[a]anthracene B@)A 2283 CisHyz —9 |
Chrysene CHR 2283 C] 8H1 2 &
| N
4

Benzo[k]fluoranthene B(k)F 252.3 CyoHi,

Benzo[e]pyrene B(e)P 2523 CyoH12

Benzo[a]pyrene B(a)P 2523 CaoHi; %

Benzo[g,h,i]perylene B(g,h,i)P 276.3 CypHis
= =
Indeno[1,2,3-cd]pyrene | I(1,2,3-cd)P | 276.3 CyHpp A AL [ |
- XN X
Dibenz[a,h]anthracene DB(a,h)A 278.4 CypHyy B {5;&9 )
Net flux = Flux of (Downward - Upward) surface plate Net flux = Flux of (Downward - Upward) surface plate
70 H05m 040 H05m
0l - - o . . 0.35
R I | Bism T o3 B1Sm
1| mi2sm 02 Biz5m
: S015 | L
2 2010 | f
L --
o 0 + L5 x - - —
g9 §358 2 Sa 3 To T8 o ] 3
238 :{% ] T 9 = §3 ., §58 £ 2o 2
ST L 1 H 41 D B £ B
7] o0
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Fig. 2 Averaged mass flux (mgm2d™) at TERC, Tsukuba Fig. 3 Averaged I 16 PAH congeners (u gm2d) at TERC,

Tsukuba



Net flux = Velocity of (Downward - Upward) surface plate

0020 EINet flux

0015 |- - BBucket

20010 | -

0.005

0.000

Fig. 4 Average settling velocity (ms) of particulate matter at
TERC, Tsukuba

Net flux = Velocity of (Downward - Upward) surface plate

00040 [INet flux
BBucket
0.0030
£ 00020
00010

0.0000

05m 125m

Fig. 5 Average settling velocity (ms™?) of PAHs (Y 16 PAH
congeners) at TERC, Tsukuba

value measured by the previous studies because these
studies involved urban areas.

Settling velocities for mass and PAHs fluxes were
calculated by dividing the deposition flux by the ambient
particle concentration. Settling velocity of mass and PAHs
fluxes were nearly equd at different heights (Fig. 4 and
Fig. 5) because no significant difference was observed for
the settling velocity at the different heights. Fig. 4 shows
that settling velocity of mass measured by bucket was
about two times higher than that of net flux. Fig. 5 shows
that settling velocity of PAHs measured by bucket was
about 2 ~ 5 times higher than that of net flux. The
caculated settling velocities for PAHSs flux in this study
were one-tenth to one-fourth of the value measured by the
previous studies reported as 0.0067 - 0.018 ms* by Sheu et

al. (1996), 0.065 ms* by Tasdemir (1997), 0.004 - 0.037
ms? by Franz et al. (1998), 0.067 ms? by Odabas et al.
(1999), and 0.045 ms* by Vadar et al. (2002).

An average overal particle phase dry deposition
velocities of the PAHs with molecular weights between
154 and 202 was 0.14 cms?, and that of the PAHs with
molecular weights between 228 and 276 was 0.04 cms™.,
This decrease in deposition velocity with increasing
molecular weight is supported by other experimental
studies which have shown that a greater fraction of the
higher molecular weight PAHs are associated with
smaller particlesin comparison with the lower molecular
weight compounds (Winberry et al., 1988; Pistikopoulos
et al., 1990; Lewis et al., 1991; Aceves and Grimalt,
1993; Poster et al.,1995; Allen et al., 1996; Kiss et al.,
1998; Kaupp and McLahlan, 1999; Odabasi et al., 1999;
Kaupp and McLahlan, 2000; Vadar et al., 2002).

Fuxes of mass and PAHs measured by downward
surface plate and bucket method were nearly proportional
to wind speed (Fig. 6 and Fig. 7), but fluxes of mass
measured by upward plate did not change with wind speed.

The correlation coefficients between wind speed and
deposition fluxes of mass and PAHSs in bucket methods
were 0.91 and 0.89, while the correlation coefficients
between wind speed and the net fluxes of mass and
PAHs were only 0.24 and 0.18, respectively. Deposition
fluxes of mass and PAHs on the downward surface
plates weakly correlate with wind speed (r = 0.48 and
0.52). The deposition fluxes of PAHs on the downward
surface plate correlated well with the flux to the upward
surface plate (r = 0.75), while deposition fluxes of mass
on the downward surface plate insignificantly correlated
with the flux to the upward surface plate (r = 0.04).

The datain this study showed that deposition flux and
velocity increase with wind speed. The previous finding
by Noll et al. (1988) found that the mass fluxes ratio of
upward surface plates to downward surface plates was
0.33, whileit was 0.13 in this study. The fluxes ratio of
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Fig. 6 Correlation analysis on deposition fluxes of mass
(mgm2d1) with wind speed (cms™) at 1.5 m height

Bucket: R? = 0.79

0.40
Downward surface plate: R?=0.28
5 0.30 [Upward 2surface ,,,,,,
plate: R" = 0.58
£ 0.20  fNet flux: R? = 0,03
3010 o

0.00

X Bucket

-1

“| + Downward surface
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A Upward surface plate

-2

) O Net flux
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Fig. 7 Correlation analysison PAHs deposition fluxes (Y PAH
congeners; J gm-2d) with wind speed (ms) at 1.5 m
height

the downward surface plate and upward surface plate
provides information that can determine if particles
remain suspended in the atmosphere.

The profile of dry deposition flux of individua PAHs
were fairly similar regardless of sampling heights and
sampling methods (Fig. 8). Phenanthrene, fluoranthene
and pyrene were the most abundant compound measured
in this study. The profile of dry deposition flux of
individual PAHs in this study was nearly the same
magnitude as the previous studies (Odabasi et al., 1999;
Vadar et al., 2002).

3.2. Ambient particle phase concentration

The suspended particles were rich in high-molecular
PAHSs (Fig. 9). The particles captured by upward surface
plaes were rich in low-molecular PAHs. PAH

compositions were fairly similar regardless of sampling

heights. As to suspended particles, the smaller particles
were very rich in low and high molecular weight PAHS
compared with larger particles (Fig. 10). The small
particles captured by low pressure cascade impactors
showed higher PAH composition than that of deposited
particles in bucket. In addition, a smaller particle has a
higher specific area, and a higher attachment rate for
organic pollutants. It may therefore contain a grester
amount of organic carbon, which alows more PAH
adsorption. PAH compositions of deposited matter were
fairly smilar regardless of sampling heights. The
dominances of the contribution of small particles to the
tota PAHSs in this study were dso of nearly the same
magnitude as the result obtained by Hildemann et al.
(1991), Venkataraman et al. (1994) and Chen et al. (1997).

PAHs <
Fig. 8 Averaged individual PAH fluxes (1 gm2d™) by downward
surface plate method at 0.5 m height

—%—HVS (<7 ym)
[ ——Down-ward plate
) R —X\x—g : é\* —— Upward plate

—X—Bucket

Fig. 9 PAH composition (ugg™Y) of the deposition samplesat 1.5m
height and the suspended particles captured by high volume
sampler (HVS) a TERC, Tsukuba

7 38 —%—0.01-0.22 ym
%20 ——0.23-1.2 pm
3 (])8 7 Nyt " —>*-=1.3-6.3pm

’ Q —0-6.4.9.2pm
COISESEFLIIIFTIE ~9313Lm
TEAESY eowwmmgb\;wﬁa —&—Bucket

Fig. 10 PAH composition (ugg L) of the deposition samples messured
by bucket and particle size measured by low pressure cascade
impactor (LP-20)
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0 O Discussion

1. Difference between the methods

The deposition fluxes of mass and PAHs measured by
the bucket method are about 1.6 and 1.4 times those by
the downward surface plate methods, respectively, and
about 1.9 and 3.6 timestheir net fluxes (downward minus
upward), respectively (Fig. 2 and Fig. 3). The higher ratio
of bucket flux to net flux for PAHs compared with mass,
which resulted from the smaller difference in the fluxes
between the downward and upward surface plate
methods, indicates the difference in settling behaviors of
the particles between with high and poor PAHs contents.

As for the water vessel, we can not explain the small
deposited flux of mass in comparison with those by
bucket and downward surface plate, suggesting the
measurement errors; on the other hand, the coincidence
of deposited PAHSs fluxes between the bucket and water
vessel appears reasonable.

Fig. 11 shows the possble errors induced by the three
methods for measuring the settling fluxes. The downward and
upward surface plates have a possihility of underestimating
the actud fluxes because of the release of once-attached
paticlesfrom the plate due to strong wind and/or gravitational
force, reflection of paticles due to ther inertia, etc. This
underestimation leads to the underestimation of the redl flux
estimated by the net flux.

On the other hand, the bucket and water vessel would
overestimate the real flux because they substantialy
suppress the upward flux. Therefore, it is supposed that
the real flux is present between the net flux and the
bucket flux (or water vessel flux).

Then, we estimate the real flux. The hypotheses for
the estimation are as follows:

1) The reduced rate {a : (actua flux - measured flux) /
actual flux} for downward surface plate is identical
to that for upward surface plate.

°
OO
o © o o

° o

(1) Release from the board (1) Reduce upward flux (1) Diffusion from the air

due to strong wind (2) Neglected up ward flux
(2) Gravitational force
(3) Reflection
May be Overestimation of Overestimation of
underestimation of deposited flux deposited flux
deposited flux

Fig. 11 Measurement errors of deposition flux

2) The reduced rateisidentical for mass and PAHSs.
3) The actual downward flux is measured by the bucket
method.

Then, (1 - a) is estimated to be 0.6 (mass) to 0.7
(PAHSs) by the downward surface plate flux divided by
the bucket flux. Accordingly, the real flux is calculated
to be the net flux divided by (1 -a ); the ratios of the
real flux to the flux measured by bucket are 1.2 for mass
and 2.5 for PAHs. Because the calculated (1 - a ) is
underestimated due to the hypothesis 3), ratios of the
real flux to flux measured by bucket are larger than the
values above.

In conclusion, the deposition fluxes of mass are similar
between the net (downward minus upward) and bucket
methods because the upward flux of large particles
representing mass is negligibly small compared with the
downward flux even during strong wind period (Fig. 12).
Therewould be insignificant differencesin estimating the
real mass flux between the net and bucket methods.

Small particles; PAHs rich particles

T

Larger particles; PAHs poor particles

= g
Fig. 12 Larger differencesin smaller particles between net flux
and bucket deposition flux
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On the other hand, the upward flux should not be
neglected for small particles e.g. the ones with high
PAHSs content. In such a case, the net flux is the better
estimate for the real flux.

2. Height difference

It can be supposed that the reason why net fluxes
decrease with height because real fluxes decrease with
height; whereas decrease in the bucket flux with height
can be a result of re-suspension from ground. This
decrease in real flux with height is probably due to the
vertical distributions of suspended particles and/or the
vertical distribution of settling velocity. The vertical
distributions of suspended particles and settling vel ocity
depend not only on the positions of the sources but also
the vertical mixing rate.

00 O Conclusions

This study focused to estimate real fluxes of mass and
PAHs on the ground surface using different settling methods
a the three different heights. The main conclusions are
summarized asfollows:

(1) Comparing the different heights, we have noted that
bucket deposition fluxes and net fluxes decrease with
height due to re-suspension and/or vertical distributions
of suspended particles and settling velocity.

(2) Comparing the different settling methods, we have
obtained higher settling flux in bucket method
compared with net-flux, particularly for PAHs. The
bucket method probably over-estimates and net-
flux method underestimates the real deposition
flux.

(3) To estimate real fluxes on the ground surface, we
can use the net flux.

(4) PAHsarerichinsmall particles.

Acknowledgements

The authors wish to thank Dr S. Wakamatsu, National
Institute for Environmental Studies, Tsukuba, Japan for
useful comments on this research work. We thank Dr Jun
Asanuma and Mr. Daisuke Nohara (TERC, University of
Tsukuba) for providing meteorological data, and for
sampling help. Thanks are also addressed to Ms. Nitta
Kyoko, Dept. of Civil and Environmental Engineering,
University of Hirashima, Japan for her help during PAHsS
extraction and analysis. This work was supported by
grants from the Japan Society for the Promotion of
Science.

References

Aceves, M. and Grimdt, J. O. (1993): Seasondly dependent
sze didributions of diphatic and polycyclic aromatic
hydrocarbons in urban aerosols from densdly populated
aess. Environmental Science & Technology, 27,
2896-2908.

Allen, J. O., Dookeran, N. M., Smith, K. A., Sarofim, A. D.,
Taghizadeh, K. and Lafleur, A. L. (1996): Messurement
of polycydic aromatic hydrocarbons associated with
Sze-sggregated amospheric aerosols in Massachusetts.
Environmental Science & Technology, 30, 1023-
1031

Cakan, A. (1999): The direct measurement of the dry
deposition of organochlorine pesticides and poly-
chlorinated naphthalenes. Doctora. Thesis, Illinois
Institute of Technology, Chicago, IL.

Chen, S. J, Liao, S H., Jan, W. J, Chiu, S. C. and Fang, G.
C. (1997): Paticle-bond composition of polycyclic
aromatic hydrocarbons and aerosol carbons in the
ambient air. Journal of Environmental Science and
Health, A32, 585-604.

0 480



Dasch, J. M. (1985): Direct messurement of dry deposition to
a poly-ethylene bucket and various surrogate surfaces.
Environmental Science & Technology, 19, 721-725.

Davidson, C. 1., Lindberg, S. E., Schmidt, J A,
Cartwight, L. G. and Landis, L. R. (1985): Dry
deposition of sulfate onto surrogate surface. Journal
of Geophysical Research, 90, 2123-2130.

Franz, T. P, Eisenreich, S. J. and Holsen, T. M. (1998): Dry
deposition of particulate polychlorinated biphenyls
and polycyclic aromatic hydrocarbons to Lake
Michigan. Environmental Science & Technology,
32, 3681-3688.

Hildemann, L. M., Markowski, G. R. and Jones, M. C.
(1991): Sub-micrometer aerosol mass distributions
of emissions from boiler, fireplaces, automobiles,
diesdl trucks, and meat-cooking operations. Aerosol
Science and Technology, 14, 138-152.

Holsen, T. M., Noll, K. E,, Liu, S. P and Lee, W. J. (1991):
Dry deposition of polychlorinated biphenylsin urban
areas. Environmental Science & Technology, 25,
1075-1081.

Holsen, T. M. and Noall, K. E. (1992): Dry deposition of
atmospheric particles: gpplication of current modelsto
ambient data. Environmental Science & Technology,
26, 1807-1815.

Kaup, H. and McLahlan, M. S. (1999): Atmospheric
particle size distributions of polychlorinated
dibenzo-p-dioxins and dibenzofurans (PCDD/Fs)
and polycyclic aromatic hydrocarbons (PAHs) and
their implications for wet and dry deposition.
Atmospheric Environment, 33, 85-95.

Kaup, H. and McLahlan, M. S. (2000): Distributions of
polychlorinated dibenzo-p-dioxins and dibenzofurans
(PCDD/Fs) and polycyclic aromatic hydrocarbons
(PAHSs) within the full size range of atmospheric
particles. Atmospheric Environment, 34, 73-83.

Kiss, G., Varga-Puchony, Z., Rohrbacher, G. and Hlavay,
J. (1998): Distribution of polycyclic aromatic
hydrocarbons on atmospheric particles of different
sizes. Atmospheric Research, 46, 253-261.

Lewis, R. G, Kelly, T. J,, Chuang, J. C., Callahan, P. J.
and Coutant, R. W. (1991): Proceedings of the 9
World clean Air
Montreal, Canada.

Lin, J. M., Fang, G. C., Holsen, T. M. and Noall, K. E.
(1993): A comparison of dry deposition modeled

Congress and Exhibition,

from size distribution data and measured with a
smooth surface for total particle mass, lead and
calcium in Chicago. Environmental Science &
Technology, 27A, 1131-1138.

McCreedy, D. 1. (1986): Wind tunne modeing of smdl
particle deposition. Aerosol Science and Technol ogy,
5, 301-312.

Nall, K. E.,, Fang, K. Y. P and Watkins, L. A. (1988):
Characterization of the depodtion of particles from the
amosphereto aflat plate. Atmospheric Environment,
22, 1461-1468.

Noll, K. E, Fang, G. C. and Kenneth, Y. P (1989):
Development of adry deposition mode for atmospheric
coarse paticles. Atmospheric Environment, 23, 585
5.

Odabas, M., Sofuoglu, A., Vardar, N., Tasdemir, Y. and
Holsen, T. M. (1999): Measurement of dry deposition
and ar-water exchange of polycyclic aroméic
hydrocarbons with the water surface sampler.
Environmental Science & Technology, 33, 426-434.

Pistikopoulos, P, Wortham, H. M., Gomes, L., Masclet-
Beyne, S., Bon Nguyen, E., Masclet, P A. and
Mouvier, G. (1990): Mechanisms of formation of
particulate polycyclic aromatic hydrocarbons in
relation to the particle size distribution; effects of
mesoscale transport. Atmospheric Environment,
24, 2573-2584.

0490



Poder, D. L., Hoff, R. M. and Beker, J. E. (1995): Measurement
of the partide size didributions of semivolatile organic
contaminants in the amosphere  Environmental
Science & Technology, 29, 1990-1997.

Shahin, U. M., Zhu, X. and Holsen, T. M. (1999): Dry
deposition of reduced and reactive nitrogen: a
surrogate surface approach. Environmental Science
& Technology, 33, 2113-2117.

Shahin, U,, Ly, J, Yi, S. M., Paode, R. D. and Holsen,
T. M. (2000): Long-term elemental dry deposition
fluxes measured around lake Michigan with an
automated dry deposition sampler. Environmental
Science & Technology, 34, 1887-1892.

Sheu, H. L., Lee, W. J, Su, C. C., Chao, H. R. and Fan,
Y. C. (1996):
aromatic hydrocarbons in ambient air. Journal of
Environmental Engineering, 122, 1101-1109.

Tasdemir, Y. (1997): Modification and evaluation of a
water surface sampler to investigate the dry

Dry deposition of polycyclic

deposition and air-water exchange of polychlorinated
biphenyls (PCBs). Doctora. Thesis, Illinois Ingtitute
of Technology, Chicago, IL.

Vadar, N., Odabasi, M. and Holsen, T. M. (2002):
Particulate dry deposition velocities of polycyclic
aromatic hydrocarbons (PAHs). Environmental
Science & Technology, 128, 269-274.

Vandenberg, J. J. and Knoerr, K. R. (1985): Comparison
of surrogate surface techniques for estimation of
sulfate dry deposition. Atmospheric Environment,
19, 627-635.

Venkataraman, C., Lyons, J. M. and Friedlander, S. K.
(1994): Size digtribution of polycyclic aromatic
hydrocarbons and elemental carbon: sampling,
measurement, and source characterization. Environ-
mental Science & Technology, 28, 555-562.

Winberry, W. T., Murphy, N. T. and Riggan, R. M. (1988):
Compendium of Methods for the Determination of
Toxic Organic Compounds in Ambient Air. Center
for Environmental Research Information Office of
Research and Development U.S. Environmenta
Protection Agency.

Yi, S. M., Holsen, T. M. and Noall, K. E. (1997):
Comparison of dry deposition predicted from
models and measured with a water surface sampler.
Environmental Science & Technology, 31, 272-278.

Yi, S. M., Shahin, U., Sivadechathep, J., Sofuoglu, S.
C. and Holsen, T. M. (2001): Overall elemental dry
deposition velocities measured around Lake
Michigan. Atmospheric Environment, 35, 1133-
1140.

00 Manuscript received May 23, 2003; accepted July 24,
2003)

0500



000000000000 D00DONo40 0510 590 I 20030

Jooogbogbououooboobuoonood

Interaction between Groundwater and River Weater in the Nasu Fan, Tochigi

goooooooooooobobobobobo e
Tsutomu YAMANAKA*, Tadashi TANAKA”", Jun ASANUMA" and Yohei HAMADA™

Abstract

O Water levels were measured for 34 wellsin the Nasu Fan, Tochigi prefecture, in the end of October,
2002. Water quality of groundwater (34 samples), river water (6 samples) and spring water (3
samples) were also analyzed. Local relief of groundwater table is considerably low, and the typical
value of its gradient is approximately 1/100. At an elevation between 220 m and 250 m, groundwater
table approaches to the ground surface. Revival of interrupted stream of the Sabi River can be found
near around this elevation as well as several major springs forming creeks. Comparison of water
quality between groundwater and river water suggests that the Sabi River and the Houki River can
recharge groundwater. These facts indicate that there is active interaction between groundwater and
surface streams. Groundwater level fell over most part of the fan in recent 10 years. The maximum
reduction of the groundwater level exceeds 3 m. Increase in electric conductivity of groundwater was
detected in some areas including urban areas.
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Mechanism and Process of Landformsin Associated with
Reed Community in Lake Kasumigaura

oooo:cooog -
Tomoya SEKI * and Hiroshi IKEDA **

Abstract
O Lake Kasumigaurais a coastal 1ake, the second largest lake in Japan. There isthe lacustrine lowland
with awidth of 0.5 0 1.0 km, around Lake Kasumigaura. The lacustrine lowland consists of Terrace
0", Terraced” and’ developing Lowland” . It has been known that the lacustrine lowland formed
at present, however the mechanisms and processes of formation have not been well understood. Thus,
in this study, geomorphic characters and mechanism of developing lowland are revealed by
distributions of reed community and grain size analysis and analysis of wave energy.
O Developing lowland islow and flat topography, and itsrelative height is 0 00 0.5 m from mean water
level. And its structure materials are mainly fine grains especidly “ very finesand” and “ silt” . In
addition, distributions of the developing lowland and reed community have close correlation. And these
distributions are determined mainly by wave energy.
O These results lead to the conclusion that developing lowland was formed with deposition of sands
by the wave and capture of fine grains by reeds.
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Measurement of Regional Fluxes of Heat, Water Vapor
and CO, at the TERC Meteorological Tower
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Seasonal Changesin LAl and Aboveground Biomass of a C3/C4 Mixed Grassland in 2002

in the Terrestrial Environment Research Center, University of Tsukuba
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Wenhong MO *, Fumihiko IMASU *, Tomoko YOKOYAMA ** and Takehisa OIKAWA™

Abstract
O Vegetation surveys have been conducted in a C3/C4 mixed grassland in TERC since 1992, which is
dominated by the C3 forb Solidago atissima and the C4 grasses Miscanthus sinensis and Imperata
cylindrical. In this study, we reported changes in species composition in the grassland based on field
survey data of 1992 to 2002, and seasonal changes in the proportions of C3 and C4 plants in terms of
aboveground biomass and LAI. This grassand maximized its aboveground biomassin early September
with a mean value of 800.3+ 185.0 g d. w. m? for 1996-2002, whereas the maximum C3-plant
aboveground biomasswas 334.73+ 82.2 gd. w. m? and that of C4 plants was481.73+ 107.5gd. w. m?2.
At the same time, LAl was maximum in August and the values of total, C3 and C4 plants were 4.59
+ 1.02,1.70+ 0.45and 3.17 + 0.93, respectively. We gave a brief discussion on the grassland succession

in relation to changes in species composition and dominant species.

gooooo

19970 1200000000 copaonoonon
obooos3sboboooooooooooon co, O
goboboooboooobooboooboboonbogoa
gbomobobooobooooboobooboood
gooco,0b0o0o0oooooooooon co,
gobobooboobobooobooooboogaao
guoboboobooobooobooooboogad
gboooboocors boooooboDoooooon

gocoprObooonoooboooboooboonon
oooo0oonb 100 co, 0000 390bo0non
goboboooobooobobooboooboobogaa
gobobooboboooboboobobooooboogoa
gooboooobooboooobooboboan
gobobooboboooboboobobooooogoa
gbooboooobooooboooo
oooooooooooooowyspoooooo
ooboogoskgCcObOnooonooonoonon
000000000000 O0dsceurock and Hal,

. goboboooogoo
** gbooboooooon

0 1090



o 0ooooobooboboooooong
gb0 40400000000 3900000 36500
gboboboooooboobobobobD 46.30
O000O0OWasonetal., 200000 00000000
gbobomobooboboboooobonoo
00000D0OOikawad 1990,19930 0 000 DO O
gboboboooooobobooboboboo
gboboooooobobobobooobonbg
gbobobooobooboobobobooobonog
gboboobooooobobobobooboonoa
gbogboooobooboobooooogooooooo
gboboooooobobobobooobooboo
l000000010b0bo0obo0ooooboonoa
gbobobooooboobobobooooooa
gbobobooooooONpPPOOODO NPP OO
gboboboooooboobobobomobooonoa
I e R S 4
CYCLED Itoand Oikawa, 20020 O O OO0 O OO O
gbobobooooooboboboboooog
gbbooobooobooobooobooboo
goboboooboboooboooboooboa
00b0OO0O000o0o00g200200000 02002t
gobooobooboooobooobobooooon
gooopoocyc4ooooomeooonoong
gbooboobooboooboo tAlCboboog
gboobooboooooooobobboobog
0000000019980 0 0200100 O O O 0200201
goobooobooooboboooboboooboogaa
gboobooboooboooobozoeoooonoog
ooooooobobobzo020000000000
gbooboooboooboobooobobbooobog
gbooboobooobooobooooobobog
00 200200000000000000D0000
gooooocyc4 DooooooooLAlDon
gbogbooboobooooooooooobooobaon
gbooboobooobooobooon

good

1ngoooo

goboooobobobooooboooobooa
gobooobooobobooobbooooDn 3e6°
06N 140°06ED 0D 27rmiD 0000 —000
o00o0o0ooDoOo0o0o0mOo0 e omDO0 2had
gboobooooboooboobogobobboobog
Ubobooobobooboobiesz-2001 0O0O0
oo iooooooooo 120rmmoOadn
gobobooobbooobooobooobog
gbooboobobobooboobobooobaoon
199811

200000

000019770 2000000001978000
00000oo0oooo0oooooooooong
ookt ooodooooooooooooon
0000o0o0ooO0oooooooooooooog
O0oooooooooooooooooooog
O00o0o0oooooooooooooooog
000o0o0ooooooooooooooog
0000doooonod2002d

gopoolegs 0oooooooooooon
000o0o0ooooooooooDooooooog
ooooooooooegrooooooooon
0000000 D0O0O0O0ODO 0O 0O0Festuca
arundinaceal0 00 000000 310000 MmM0
00000dTriforiumpratensel 00000000
ododoogooo cuooooooooooo
O0000FEragrogtiscurvlad OO0 00000000
0o00ooo0oonD c4o000ooooooodg
0000doQo1e200000 200000 071993
00000 10000000000000000
0ooDoooooOooooooooooooog
0oooOooooooooooooooooon

0 1100



goooooooooboozozO0O0OoOOoono c3f
G4 o0ooooooooooooooooon
0 Solidago altissimall] O O O O Artemisia princepsT]
ooooooooon c3 oooooooao
O Miscanthus sinensisld [0 0 000 Imperata cylindrical O
00 c4000000000000000 200200
0o0oooboobDO 1992000019950 000
gooooboboooooooooooooooon

sognog

obooboooboobob 4000000 4000
oooooodooz2mx 2md800 0000040
b ooboobobo100b00b00b00o0oa
gboboboooooobobooooooboogonDosg
m200 1000 00 000000000000000
gbooooobooboobooood

4A0000000LAIDODO
gboboooooboobobooboooooao
gbobobooooogsgbooooboonoa
gbooboosubogbooooboobobooboonod
gboboobooooobobobobooooa
ogboooo1moooooobooona
gobbooobobooobooobobooooboog
UAAM-7000000C0OO0DOOOOO0OO0OO00Od
gbbooobooobooobooobooooa
gbbobobooboooboobobaobooooo
goboboooboobooobooooboogoa
OO0 LAIO Leaf Arealndex0 O 0 OO DO OOCOOO
gboooooboooon

500000000 00 Aboveground biomassOO O
LAIOD O O0oooooooooobobood
OSTAC-PSOM OO0 00000000000 7300 2
03000000 oooooooomooooo
gbooooooboooboboooooooooo
gooooboooboooobooooooon
gooooooobobobooooooo 1000

goboboooobooobooboooboogoo
0000000000000 0gd.wm20000
gobobooobobooobbobbooooo
o0000oDO0o0DbDO0O0OBiomassDODOOOOODO
gooogoon
gbomoboboosoboboooooomo
0000 320mO0000000000000000
gbobooboooooboboboboobooona
gboooooboboboobooobooboonoa
gbobooboooooboobobooboo

600000

000000000000000000000
0000000000000000000000
00000000MO000000000000
00000 Canopy height DD 0000000000
0000000000000000000000
0000000 1000000000000000
0000000000000 0000000000
000200000

0boog

ubobooboobobono oo baoboooa
gobobooooboooboooboooboobogoao
goboboooobooobobooobobooooa
oooooooooooooooooooogoon
uboobooobdng2002c

goog

100o0o0o0o0ogg
O000o000oo00ooooooDooooooon
odoDooDooooooooooooooe3nn
080000000000 Solidago altissimalT]
0000 Artemisia wulgarisClO O O O O O Lespedeza
cuneatald 0 0 0O O O O Lespedeza pilosall O O O O

0 Equisetumarvensed 0 0 0 00 00O 0O O O Festuca

arundinaceal OO O O O O O OO Potentilla

U 1110



freynianall] O O O O O O O Lysimachia clethroidesT] oobooobooooboboobbooobobo
c4A000 3000000 Imperata cylindricall 0 O 0001 0000cCc300n 30 4000C40
00000 0O0Audropogon virginicusd OO O O gbOs0e6e0000000000DODO0O0OO
O Miscanthussinensis0O0 0 0 00 110000000 0000000000000 1000 10)00o0o
2000 0Mooo0ooo 400000000 o ooooooooooooooooooooodg
ooooi10m oooooo

0i100c3c40 00000000000 000000000O01992-200200

EE 2 3 KR oo Lo < Lo VU (VU . .
ety F4F 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
REEEY —F&£ FO8 Te0Y c3 + + + + + + +
MEE ExXSHY c3 + + + + + + + + +
MELE NWVSHY c3 + +
HELE NANATY c3 + + + + +
SEE FFaAsY c3 o+ + + + + + + + + +
SEE wAIHTIYFYY C3  + + + + + + + + + +
BEE ER=Ed c3 + + + + + + + + +
SEE T c3 + + + + + + + + + +
SEE =H* c3 + + + + + + + +
SEE 439 /3a¥Yvy C3 + + + + + +
ZEE AANIAF ASHAAND c3 + + + + + + + + + +
BEE JR/NTYH ASYXOT c3 +
2&EE HIOSVOR aFRE c3 + + + + +
SEE FhE3/F Cc3 + + + + + + + + +
SFEE UM FRATY c3 o+ + + + + + + + + o+
2EE FU/MOTYHR TYU/ ROTY c3  + + + + + + + + + +
HEE FHNTH ARYIAATY c3 + +
HEL FUFTYIATY c3 + + + + + + +
SEE AMFYYOR A EFUUD c3 + + + + + + + +
—FE TAR NI c3 + + + + + +
—FE hISrIrq c3 + + + + + + +
ML hSX/ITVED c3 + + + + + + +
5L A RNF c3 + + + + + + + + + +
SEE Fan¥ c3  + + + + + + + + + +
SEE 2X c3 + + + + + + + +
SEE /7 X% c3 +
25E ASYEYAIY c3 +
BEE SAYALY c3 +
BEE FIHYD c3 +
BEE NS E I ] c3 + + +
BEE SYNYFIY c3 + + + + + + + + +
—&E ARV EIR ARYED c3 +
2EE ITH AAN c3 + + + + + + + +
BEE EXXAN c3 + + + + + + + +
5L 49 KY c3 + + + + + + + +
2EE EvoyUR hFEFVD c3 + +
2EE Thaw ANOIYNXS c3 + + + + + + +
HEEEY 25£ SUH RONF c3  + + + + + + + + + +
BEE AUYH AXA/¥Y c3 + + + + + + + +
—&E£ HYYUIHR hAvYYUTY c4 + + + + + + + +
—FE A xE 1RET ca  + +
—FE Aen c4 + + +
SEE SFIVAXAHY c4 + + + + + + +
BEE h¥soy c4 + + + + + + + + + +
BEE FHY ca  + + + + + + + + + +
BEE 2% c4 + + + + + + + + +
SEE PZA c4 + + + + + + + +
SEE HhEHY c3 + + + + + + + + + +
BEE NVHY c3 + +
BEE FZO )oY c3 o+ + + + + + + + + +
5L AVTohvhy c3 + + + + + + + + + +
BEE 7y c3 + + + + +
PE4 ko] SEE 2¥F c3 o+ + + + + + + + + +
BEE 7 XREYY c3 + + + + + + +
AEE LY c3 + + + + + + +
AEE Yen¥ c3 + + + + + + +
AEHE 7hey c3 + + + + + + +
AEE 72 c3 + + + + + +
AFE T c3 + + + +
A&E U HIRUANS c3 + o+
IR 22 29 42 42 42 42 41 41 46 45

*HPIIIOAREDOESEETY (BL1997EF8ANT —%), +IIERSHERINLZLETRT.
= HEt: FRR - RN (1995) , Ee (1998) , il (2001) , i (2002) .
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Recent Trend of Tritium Concentration in Precipitation in Kanto Plane, Japan

goodoooooo™ooooog ™

Shiho YABUSAKI "0 Maki TSUJIMURA ** and Norio TASE ™

Abstract
O Tritium concentration of precipitation have been collected at Ottawa from 1953 to 1960 and Tokyo
from 1961 to 19710which have been analyzed by | AEAat Tokyo from 1972 to 1976 and at Tsukuba
from 1976 to 20020 The results were compiledd The tritium concentrations of precipitation from

1950's to 1960's were increased due to the atmospheric nuclear weapon test[] and these values

decreased exponentially since atmospheric nuclear weapon test was almost finished in 196200 After

198801 the values became less than 10 TUO this result indicates that the tritium concentration of

precipitation became the natural concentration level same as before the start of the nuclear weapon

test] The monthly tritium concentration data showed that the tritium concentrations in spring period

O from February to Junell are relatively higher than those in other periodsd This phenomenon is also

confirmed at the site of Ryouri and Chiba in Japan(] Accumulation of these data is important to

estimate the residence time of groundwater and soil water(]
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Table 1 Tritium concentration of precipitation from 1972 to 2002
( The data from Januaryd 1972 to Julyl 1993 have been reported by Shimada et al(] (1994) )

| danuery | February | Maroh | Apri I_May [ June T _July [ August ISeptembe] October INovember|Decemberl Average fCorreoted *7
72 228 35, ; 461 654 _ 5461  _190| _ 2501 185 15. 12,6 104 0 8] A
73 1 18.1 4 284 25. . 44.0 8 13. 4 4 4 X .9 4
4 ¥ 16.6 . 43.2 X X 41. .0 19. . 16. . . .5 4.
13 i X 9 74 4 . . 12, 7 X !
6, X 0. X . 0.4 0 0 X [ . . X
[ 1977 . 0. 20. ] 7. 28. 44 6. X 12! 4. X
78 11 4. 4. . . . 2 1 4 10. 21.0 16. 42] N
79 11, . 4. 7 4. 0 4 X A4 4 1] 4
1 . . 2 4 . 3 4 0 K .
1 .2 A 4 . X . X X X X — X 4
x x 0. . . 14. 4.0 53 44 48 4.7 6.2 .
5.7 3.2 X . 4.4 18. .7 X 4 X X — 4
4 X x 6.3 4 4. 4. . 53 6.3 4.0 3.7 4
| 1985 6.6 x 4.7 0 6 4 X x 44 5.1 x 55
86 1 x x 6.4 x 4 . 4 . — — 37 6.1 *2
g7 T — X — 7. 5.2 . 4. X 4 2.7 34 4.8 4.
| 1088 | 7. 8.9 7. 10.0 . 45 ¥ 4. 0 — 6.
9 2 ¥ 7.0 X 5 4. 3.6 X .6 4.3 35 4.
0 4. 4. 4. X 3. 5 4 4 .7 6.3 4.0
H . 6. 6. [ 4, 8 1 — 4.1
H — 4. 4 6. 0 5. — 4 7 26 4.2 4 J
1 4 35 6. — 4. 5 4. 2 X 6 0 2.3 4.0 4
4 ] 3 X . 6.9 X 16 . 2.3 X X X 4. A
1 x 46 4. 54 44 4.0 44 4 x X X — 4.
6 x x 4. X . X . x 2. 4 47 2.3 4.
4.3 X 4.0 ! . 53 4. 4.0 4. 4 30| — 44
3.7 4.6 — X . 4.0 2. . . — 2.9 . Y s
— — .2 . . 4. . . 7 1.6 . 4 *
000 25 . .0 X 4. 4. 0 — . 0
001 T 4.3 6 .2 4 5. . . . 9 3.8 ] .6
002 1 2.0 4 .9 . 5.4 6. 2. 4.6 3.7 4.4 44] vy
— :No sample X :Not measured

*10] Tokyo and Tsukuba (refer to Shimada et al.[0 19940

*2[] Tsukuba ( refer to Shimada et al.[] 199401
*30 Tsukuba

*4[] Corrected value which took attenuation into consideration on the basis of December] 2002

01210



—e— Ottawa (IAEA)

—0— Tokyo (IAEA)

& —x— Tokyo and Tsukuba (Tokyo Univ. of Education)
—o— Tsukuba (Univ. Tsukuba)

1000 o

Tritium concentration (TU)
g
I

T T T T T T T T T
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000

Year

Fig.1 Secular variation of tritium concentration in precipitation
at Tokyo (1961-1971)0Tokyo and Tsukuba (1972-1978)
and Tsukuba (1979-2002)0and estimated value using liner
regression function from Ottawa preci pitation (1953-1960)

oboobOoooooobobooon 1952 00
gbobooboooooooooooooononiees
0 30000000000000000 1680TU
gboooooobobooooooboboobooo
gboooooooboooi1es200000 10TUDO
gooooooo

197900 20020 0 0000000000000
oboooooooboono 20000000000
gbooooooooobooooos7yTuoonOn
go1e8o0oooooooooogosoTun
oboooooobooooooboboboobooon
gbooooooooobooooooon

oo0i197900 20020 00000000000
goboooooooobooono 3omz20on
ed00O00OO0oooOoOoOoboOoooooOoon
gobooooobooomooooboooooon
goboooooboooooooooboobooooon
obooooooHPOOOOOODODOOOOO
gobigrs00n00o0OonOoi1eeEiooooonon
Uobooooooob0obooomonOoeesd
oooooobooooooooooooooon
oooooooooooooooobooooon
gobooooooo0obmooooooooon
gobooooooooboocoobs3ogsoon

IRV

3
g 10
E 8 Average : 5.70 TU
g r'\
E o
p=]
E‘ I'W '
-
1 o R s Sl
~o o-©.
o, O P, 2
2 o~ \0_0/0\0/ 0-5-0-0-C ~0

— T T T T T T T T T T
1980 1985 1990 1995 2000

Year

Fig.2 Annual mean of tritium concentration of precipitation at
Tsukuba from 1979 to 2002
m [0 Anayzed value
o [ Corrected value in consideration of radioactive decay
of tritium at the time of December 2002

Tritium concentration (TU)
®
1

T T T T T T T T T T T T 1
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Month

Fig.3 Monthly mean of tritium concentration in precipitation
at Tsukuba from 1979 to 2002

gboboboooooboboboooboobono
gobboooboobooobobooboboooboo
gboboooooonog

U20T7ERCOOO0OCOCOOOOOOO0OO0O0O0O000on

goboooboooboboobboooboobo
gbooobz2z2mi000b0OoO0OO0200100 2002
goobooooboooboooboooboboobogoao
ubooodbo 40000000000000
OTERCOOOODOODOODO2mOOOOO

0 1220



Tritium concentration (TU)
«
1
>

14 L

Bn M Miy Rl Sp Nov Jm Mar May Wl Sep Nov
2001 2002
Fig.4 Temporal change of tritium concentration in
precipitation and groundwater taken at TERC from
2001 to 2002
m [ Monthly precipitation
x [ Groundwater at trenchin TERC
O O Groundwater of the observation well (depth of 2.2 m)
inTERC
Broken line[] Average of the precipitation(] [0 4.1 TUO
from January 2001 to December 20020

gobobooobooooboboobboooobobooo
goooooboobogoon
gobboooobooobbooboogooboog
gobobooobooobobooobooobobogoo
gobobooobooobobooobooobbooo
43+ 02TU 0000200100 2002000000
gbooooobgoboboobod41x03TUDOO
gboooooboooobbooobboobogoo
gboo0o0 20020 12000000000000
gboooooboboon 2000198200 2000 0

gooooobobo3Tugboooooooir

gbooooobgoboboooboobgzeezonod
gb 10Tu00000000000O00OTERC O
gbhoooobobz20 300boo0booboooon
gbooooooobobobooooon
obob 40000000000DODODOO
gobooooboooobboobbooooboooo
goboboobooobobooobooobbooo
gobobobobooobobooobooobobbooo
goobboooobboooboooboooo

gobobooooboooboboooboobogoo
gobobooooboooboobooobobboo
gobobooooboobooobooobogoo
gbooooobobobooooboboooo

gooog

gobobooooboooboobooobooa
goboboooboboobooobbooboo
gboooooboboooo

1000000000000 19%4 0000000
gboooooobooboes2000n0g 10TU
gbogi1essnooogooo soTtubooood
gbooooooooobooboboboooo
gboooooooboboboooo

200000000000200 60D OOODOO
goooooooooobooboooboooo
gbobooooboobobobooboooboo
gooooooooobobbobboobooo
gbooooooobooboooo

3sodobooooobooobooboooooboogon
goobooboooobobooooobobobooo
gboboooboobooboboboboboooo
gbgobogoooboobooboboboboong
gooooooooobobobooooooooo
go

RN

ooboooobooooboboobobooobooba
gbogoboooooboboobooooo

oo

ooooooobooobooobogieest:0unn
ob0b000o0o0oo0obO000oo0ob0000o
OO0O0O0003ss087-930

0 1230



gooooles0: 000 doooooon
O000oooOooooooooooooo
Radioisotopes[] 270 13-1801

gooooi1e0: 000000 ooooooon
googobooboooooboboobuoo
0oooooooield 63-680

FEOODOMODOO19870: 000000000
goooobbooo ooooooooooa
000000ooOo0oooooooooooo
0 O 0O 290 89-9801

ogfdogogi1e83: 0 oooooooooooaoo
490p0]

BolsunovskyDA O YaJand Bondareval DL IGIJ(2003): Tritium
in surface weter of the Yenisal River basin Journal of
Environmental Radioactivity(] 661 285-294(]

De Vries , JJ JJ and Smmersd 100 (2002): Groundwater
recharge : an overview of processes and challenges(]
Hydrogeology Journal(d 1001 5-1701

JohnstonO COT., CookO PO G., Fraped SOK., Plummerd
LON., BusenbergECand Blackport ORI J(1998):
Ground water age and nitrate distribution within a

glacial aquifer beneasth a thick unsaturated zoned
GROUND WATER[ 360 171-1790

IAEA(1969): Environmentd isotope data NoJ100Technical
Report Series(] No.9600 421p0]

IAEA(1970): Environmental isotope data No12(0Technical
Report Series] No.1170 404p0d

IAEA(1971): Environmenta isotope data NoO3Technical
Report Series] No.12901 402p0]

IAEA(1973): Environmental isotope data NoJ4Technical
Report Series(] No.14700 434p0]

Marecha J JO CO and Etcheverry) DO EOJ (2003): Theuse
of 3H and 80 tracers to characterize water inflows in
Alpine tunnelsCApplied Geochemistry118[1339-351(1

Shimadal 1., Matsutani (1., Dapaah-Siakwan(5., Yoshiharall
M., Miyaokal K Cand Higuchi CA{1994): Recent trend
of tritium concentration in precipitation at Tsukuball
Japan] Annual  Report of the Ingtitute of
Geosciencel the University of Tsukuba1200011-147

020030 50 21000020030 70 240000

0 1240



0000000000000 0O0D0ONo40D0 1250 1280 [ 20030

odbouoboobotobouobooboouon

Diurnal Variation of Surface Wind Over Mongolia

gogooggr-

Tomonori Sato*

gboooago

dooooooooobobobobobooooo
godobobobobboodooooooooo
00000000o0oooooooooooo
0000ddoooooooooooooooogd
goddooooo1coomiddooooooon
gdooooo200mbO00d0OooooOonD 1000
mOI000000000OO0O00D0OO000 100
1o00kmOOOO00DOOO0DOOO0OO0OOOODOO
goodoooooboboooboooooooooono
gooobboobobooboboobbooob
0000000000 O0OD0OD0ORAISEODOOOO
0 The Rangelands Atmosphere-Hydrosphere-Biosphere
Interaction Study Experiment in Northeastern Asia; O
0,200200 000000000000 00 Ingitute
of Meteorology and HydrologyO O O OO0 O OO QOO
30000000 199300 200300000000
Od000oo0ooOo o0oooooooooooo
000000 Meteorologica statiori] 0 100 O O OO
Meteorologica post] 0 2000 0 000000000
gododooooooobooobooooooo
goddoooooobobobobbooooooon
gooobboobbooboboobbooob
00000o0oooooooooooooo
gooooboooobooboboooboboooon

gboboooobobobooboooboobono
ubobobooboobobooboooboobooonoa
gobboobooboooboboobobuooobod
gobooooooboooobooooooo

goooooboo

OO00000D0O000DDODO DO OMeteorological
saiond 0000000000000 0DOO0O0OO
oboobooooboooboon g 8mmoo,0s.,..,21MSTH
oboooooobooobOoobOi1020400a0
gbo00 1w.e000000000000D000D0O0
gboooo spooboboobooboobooboon
gobobooobooobooobooooboogaao
obobOooOoooooooboboboooon
gooooobobobooweodbobonoo
goobooobobooobobobooobooo
ooodoooobo s buonooooooog
obobooboboobooboobooooooooon
gooooobobogoog

gboboboboboboo

goboooboooobobooboboobooba
ubobOoooooooooboboboobooo
gooboooboooboooboooobobooo

. gboboboobooobooobooboobobo

0 1250



gobobooobooobboobbooobobooo
ggoooooooooooobobooooad
gugbobooobooodabobodobobouodaboogad
gbooooooobooobooooon

90 95 100 105 110 115 120
37 000/04 OOMST]|
5 ==> 3[m/sec]

(a)

115 -10

115 )
~/2000/04 18MS

7z [ \ s N e
90 95 100 105

1
(d) T

50

45( .

010020000 4000000000000000
0 ad 00 MST, O b0 06 MST, O cO0 12 MST, 0 dJ 18 MSTO
oooooooooOoOooooobOoOoOonscomon
gb1wocombOOoOoooooooMSTOOOOOOOO
0000 MST=UTC+80

gos4s5000000b000o00b0obooboa
gbboooboobbooobooboboooboo
gboooobooobobooobooobobogoo
gooboooboooobboobbooooboooo
oo00o0ooDoobogo , 20020 Littmann, 19910010
goboboobooobboobboooboboo
goboboobooobboobbooobobooo
goboboooobooobboobooobbogoo
goboboooboboooboboobooooo
goboboooboooboooboooboobogao
goboboooboboooboooboboobogoao
gbooooboboboooobobon 10
gz20000 400000000000000OD0DOO00
MSTODO 1000 0000000000 2m/sec
gboooooboooboobooobdoe O 12MST
gobobooobobooboobooobobogoao
gobobooboooobobooboobooooboooa
o00o00oD0o0oDoo0D00 100b0,0ch0d
0i100doooOo1wsMsSTOOOODOOOOOO
gbboooboobbooobooobooooo
gbooboboooooboboboboboobong

oooOoobDoooooobOoon 33040500
gbooboboboooboobooboogoonao
gobobooooooobooobooooboogoao
goboooobooooboboooboboooboao
goboboooboooobobooboboooboooa
00000000 200 NCEPNCAROOOOO
OooooooooooooovyohPa OO0
20000 4000000000000000000O
g40s50000000000b00b00b000o0a
goboooboooobooooboooboogoao
uoooooooooooobooobbobbood
0100do0oo0oooooooooooooog
goboboobooboooboboobobooooogaa
gbooooboboobooooboooboooboon

03000000000 0106.87E, 47.92N0O O
gooboooobooobbooobo4b0000nn
gboboOoobOOobOOobDoooooooooon

0 126 [0



¥ 2000/04
— 3 [m/sec]
RN

= 7

i S e =SSN S "' N

[ I I I
920 95 100 105 110 115 120

5

o
|

4t

a

020 NCEP/NCAROOODODOO 20000 400000

OO0 70hPa0 0000000

gugbobooobooobbooboboooann
gbboouoboooboobboooboaon
ggboboooboooboboooboobbooann
ggbobooobooobobooooobooann
ggbobooobooobbooooobooaann
ugouuuouuoouooooooooood
000 Fujibeetal1199900 000000000
gubobooobooobboooooboaann
gbbodouobooobdouobboooboaon
goooo
4boboooobobobooo47an0d
gubboooboooboboobooooobooad
gbooooboooooboooobooooboors OO
guoboboooboobodobboobbouodabooad
000000oooO0o0o0000oo0o0n 2misc
00000ooooo0o000on0 400a0,0 bdd
ub40070b000000O0OO0OOOOOO00O0
gboooooooooooboooenogononOoO

o 2000/04 Ulaanbaatar _, 3[m/sec]

812

wj N
§o 3 6 9 12 15 18 21 24

Mongolian Standard Time

030 O0oOobOoboobooboOo20004000000
goooooao

95 100
Longitude[degE]

105 110 115

040000 40000000O0C0OCOOOOO
Oad20000 40MbO20000 700000 cOOO
7000000000000

bobooooooocobooboboboobooon
oobooooooooo

oobooobo vyoooooooooooooo
uboboooooooooobooboboooon
uoboooobooooboooboobobo 400000
bobOoooooooooboboboobooo
o0oo0oooooo0o0o0oo0on0 1omm/12h 000
ubobOobooooocoooooboboobooo
uboboobobobobobooooooooo
oobobooooboO0oooobOobobOooDoon
ubobooboboboboobooooooooo
ubobooobooooooooboboboobooo
uboboobobobobobooooooooo
ooooobDOoobDoOoboOobooOonD 2000
oo0o000oDbDOoOobOoOo1990000oooon
oo0o0o0ooOOoooooooooon 2002000
ubobOobooooooooocoooboooboooo
ubOooobOoooobooobooboooboao
oMccsOOonooooDpooonoonDonDono
O0000TakemiO 19990 OO O DOODOOOO

0 1270



gobobooobooobboooboobbooo
gbooooobooboboooooo

oo

gbooobobooobzo020: 000000000
ooboooooooooooooooon,y,
233-242.

gboogbzeoz20:000000000D000D00
OoO-1000-.00,49,515-521.

ghooobzoo0:00000000000000
0000000000 000000RAISE
Project0 0 0. 000000000 0O0OODOO
0,3, 147-1560

Fujibe, F, Saito, K. Wratt, D. S. and Bradley, S. G. (1999) :
A numerical study on the diurnal variation of low-
level wind in the lee of atwo-dimensional mountain.
Journal of the Meteorological Society of Japan, 77,
827-843.

Littmann, T. (1991): Dust storm frequency in Aisa: Climatic
control and varigbility. International Journal of
Climatology, 11, 393-412.

Takemi, T. (1999): Structure and evolution of a severe
squall line over the arid region in northwest China.
Monthly Weather Review, 127, 1301-13009.

020030 60 1000020030 70 240000

0 1280



0000000000000 00D0ONo0400 1290 1340 [ 20030

oo oboouonoobogn

The Effect of Vegetation on Channel Pattern in Large Flume Experience

I e e T e e 1 I

Kuniyasu MOKUDAI *, Hiroshi IKEDA *, Hideo IIJIMA *,
Yosuke KOMATSU * and Ken-ichi SAITO **

gboooago

gobbooooboobooobooooboog
gbooooobobooooboboon 19900
gboooooobo 22200booooooog
gooboboboooobbooobbooobbooo
gbhooooooooboboobobooboobo
gobobooobooobboobbooobobooo
goobooboooooooobboooobogoo
gboooooboooobbooobbooboo
00000198870 O O 019997 Suzuki et al., 200217
gobooobobooobobooobooobbogoo
gobbooboobobooobooobbogoo
gbooooboboobobooobooboooobo
(Thorne, 1990) 00 00 0000ODOCOOOOO
goboobobooobooobbobbooo
gobooobobooobobooobooobbogoo
0000000 Gran and Paola, 20010 O O 00 200217
goboboooboooboboooboooboobogoao
00000000 Murray and Peolald 2003100 O O
gobobooboooboboooboooboobogoao
gboooooboooooboon

ooboooobooooboboobobooooboog

gbooooboooobobobobooobong
goboboooobooobbooobobooogoo
gboooobobobooooobboobong
goboboobooobboobbooobobogoo
gobooobooobobooobooobobbogoo
gboooooooobobooooboobong
goboboooobooboooboobobbooo
goboboooboboobooobbooooo
goboboobooobboobbooobobogoo
gbooooobooooo

goobobooboob

gobobooboooobooboooobbooobooa
ooooooooooboi1eombd 4mbdoOoQo v
ooobooobobooobooboboboooo
gboooooo

obobooooobobgsbhbi1ommbOonog
gbobobobobooi1bioooboboooa
goboboobooooboboooboboobogoao
goboobooobobooobooobobbogoo
goboboooooobobooobooooobogoao
uboooobobobooboeombd 130m0O

*

goobobobooooog
goboboooogoo
gbooboboooobooon

*%

*kk

0 1290



b 4omO000000D00O0DO0OO00O0ODODOO
000000000500 10000 100cm?0 000
gooosogsomibooooooooooooo
gobobooooobobooobooooboobogoo
goooooobogooooo

gboboooobooboboobo remb OO
gbooooobooboobon

gobboooobobooobobooobooooboog
gobobooobooooboboobboooboooo
goboooobooobobooobooooboobogao
gobobooobooobooobooooboobogoao
gbi1000b0o0boobooboobobooboo
goboboooboooboobooobobooogoa
gobobooobooboooboboobbooooboooao
goooo

gboobooooboooobooooobo

gobooooooobobooobooooo
gboboboooboobooboboooobooog
gboboboo10mobooboooobooonog
gbobooooooboobobobooobonog
gboboooooobooboboooobooa
ooboo0ooDOo 15020mO000000D00O
gboboooooooboboboboooboonog
gboboooooobooboobobooobooa
gbobobobooooobooboboooboobog
gbdbliombooobooboooobonog
gboboboboooomoboooobonoa
oobooooobD1zomO0OO0OO0OO0O0OO0OO
ooboooooboobolzombOOooOoooOoooon
gbdobobooooboboboooobonod
ooooooobooobobo z20@mooooDn
gbooooobooboobobooboooboonoa
gbobobboboobooooooooobooonog
gboboboooooboobobobomobooonoa
gboboooooboobobooooogooan

gbobooobooboooboboooboonb sg
goboooboboooobbooboobobogoo
gbooboboooobobobooobobobo
goboobobooobooobbooobobogoo
gobobooooboboboooboooboobogoo
gbooood sgbobooobooboboooo
gobobooobooboooboobobbogoo
ugbo 400000000000D0000O000O0
goboboooobobobooobooobbogoo
gbooooobobooboooooboboong
gobobooboooobobooobobobooao
gboooobooooobbobbooobobogoo
gbhobooooobobobooooobo

boboooboobobobobobob

gobooooboooobobooooboooobooa
gobobooobooobobooobbooooa
gboooooboooboooobobooooboogoao
gboboboooooboboobooobobobd
OO0 a00O0000O0ObpOOOOOOOOODOI20
mUOOoooodooobobooobooooood
gboooooboobooboood

1. ad0000000000000DO0DbO00O0 180
gobobooooboboboboooboboboog
gobobooobobobobooobbooboogoao
gbgoooobobobobobdbd20em O 30
cn0 0000000000000 15cm O 20cm
goooboobooobooobobooooooa
gboobooooobobooboooad

2. b0000000000O00DOOOMmMO0O 160

gobooobooboooboboobooooboooa
gooobooobobooooboooboooaonn
gogboooobooobobooobooobooonn
gooo

0 1300



'K BT

et . m,;ﬂn’“"/ T Tt
.- -
' I

25

HEEXE

S ‘ ////' \\\\\ ,___,////

90

Al

/ N—n7avk
100 25 130
Distance from the flume inlet, m

~  KREGHEEHK

EKE

A7 B OETRE

|
5 25 50
le
|

75
R »
l_/x i o w W N ) :

- = T
100

125
Distance from the flume inlet, m

150
gilo00oooobooooobobooboooo

,.“#L_EI'_'FEEI

| 1 |
- - TR T wrmmEL A e - L =F
X TS . LS4 2oz ~
:‘Q:s . ' \‘5.; - - - :’; - . o -_:: -
Sl T I T S I P,
= = ; e I =
40 50 60 70

110
ERMNSDIER (m)

g200000000000O0C0O000O0O0DOOOOOOODOOOOOOOODOO

0 1310



30 |
o 60
e
on (0]
3 90 . - °
E (@]
#5120
150 + 35—90 m (X[ (fizkf)
O 90—130 m XM (hEdA)
180

0 50 100

150 200 250 300

FRE, cm/sec

g300booooooooboooooboogon
gooooobooooooooooooboboOoOooooooooooOoOOOobOOoOooooooOooOoDOoOe OOoOoOo

goooo

/
! \
! \
7 \ W
N
\
/ 4
7
/
X
A
3
\
i N \
/ \
/ \
/ \
1 \/
N Y
\ \
\
\
7R
&N
7 N
N
/
NN
/
.
7
| .
2%
\
1
L
\
AN
N
\
\
/ A N
/ FAV g
/ \
B / \
7
j
i
i
~ \
75
\
\
~
S h

£
I
K]
£
o
£
S
=
[}
=
=]
£
S
S
=
o
o
(= N
8 AN
2 | = N
a - NUESURAN /
RN KD
\//\/\:L/ K i
== \
<
S Ao
T~ S| lkED
SOM TR ARARIT I
N

b4000000000000C0O0000O00O0DOAO

3. 120mO000COO0O0O0OO0DODOCOO 1cdO

oobooobooomzombObOoOoOoooogon
ugbooboboobooobooobooobooooa
0lzomdoOoooooooooooooooog
gobobooobobooobobobbooobaa
gbogogno

goboobogn

gobbooobooooobooooboooobooa
ugbobooobob 100000000000
goboboooboboooboboobooooa
goboboobooooboboobobooooboogoa
vboboboobooobobobooobobobo
uboooboooobooobooobooboad
gboooooaoan
atboboobobooooooboobobobood
gbooooboooooboboboboboobaondg
ugbobooooboobooobooobooad
ggboboooobooobobooobobaoboogad
gugboboooobodooooobooobaann
ggoooboooboboooobooobooooao

0 1320



ooi1booooooooooo
aal0000000000O00000O0bbOOOOOOOOOOOOOOOO
cO0O00O00000O0DOO0OO0O0000 a0000000000000 120mO0O0O

gobooobotboooobooobooooobogaa
obooooboobobozeo2nooooooooon
gboooobooobooobbooooboaa
goboboooboboooboboobooboooboobogaa
gboooooooomooooooodon ab
gbooooooooooobozeocz20dnoonon
guobobooobooobobooooboabogad
goboobobooobobooobooooboobogaa
gboooooobooboobooo
bOOO0OOOODOOOODOOODOODOOOO
gboboboobooobobooooobobaobd
gbooooooooocooooboobobooo
goobooboooboboobooobobogaa
gbooooobooboobooood
uobbooooboobooooboooboodg

goboboobooobooobbooooboaao
goboooobooooboboobooboboaao
gobobooooboooboboobooooa
gobobooboobooobobooboobooooobogaa
OO00000DO BakerD 19770 Keller and Swanson,
omoooooooooooobooobogd
uoboboooobooboooboooboad
gooboooobooobobooobobaoboogoad
gobobooooboobooobooobooboaao
gobooobobooooobobobooobaao
gobobooooooobooobooobooaa
guobobobooboooobobobbooooboad
goboooboooobooobooobooboaao
gbooooboooboboooboboboaa
gboooooo

0 1330



gboboobodabod

oobboooobooobobooobooboog
gooo

ilLO000000000b0b0o0oo0oboboooobo
gobobooboobobooobooobboo
gboooooboobooboon

200000000000D0O000DOOO0ODO
gooooon

goboboooobooboboooobobooboo
goobbobboobooobboobooo
gooboobooobbooobbooboo
gobobooobooobooobooooboogoo
gobobooobooboooboooboooao
gbooooobobooooobooboooooo

gobboooboooooboooobooooboog
gooooooboooobobooobbooboogo
goobooboooboobbooobobogoo
gbooooboooboboooooboobobd
goboboooboobooobobooboobooooboobooao
gog

oo

gobbooobobooobooobooooboog
gobobooobooobooobooooogoa
gbobooooobobooboooooba

oo

gbooooesst:0oooooobooooood
obooboobooobooobooboooobooog
OO0O0O00D0assn 73-840

gbooooobgobozoozt: 00booooood
obooobooboboboooooooboo—o
obOoboooobooobobooobobooon
—Moo0obooob0oooooooooooo
gbobooobobooboboooobobooaoon

goodooo7d26-29.

O00o0pzo020: 00000000000 000
goodoboboobooooooooooooon
1-1901

Joo0oboooobooooieee. ooood
0obodoooooobooobooooooa
O0000000000o490 71-810

gooooles: dddddgogooooon
0000000000 D O 450 295-3000

goopobz020: 0 000000000DODOOd
Jodooooooooooooon 20020
000 20000000004p.220

Baker, V. R. (1977): Stream-channd responsss to floods with
examples from centrd Texas Geological Society of
America Bulletin, 88, 1057-1071.

Gran, K., and Peola, C. (2001): Riparian vegetation controlson
braided streem dynamics Water. Resources Research,
37,3275-3283.

Kdler, E. A. and Swanson, F. J. (1979): Effectsof large organic
materid on channd form and fluvid processes. Earth
Surface Processes and Landforms, 4, 361-380.

Murray, A.B. and Paola, C. (2003): Moddling the effect of
vegetation on channd pettern in bedload rivers Earth
Surface Processes and Landforms/[728, 131-143.

Suzuki, W., Osumi, K., Maski, T., Takahashi, K., Daimaru, H.
and Hoshizaki, K. (2002): Digturbance regimes and
community structures of ariparian and an adjacent terrace
dand in the Kanumezawa Riparian Ressarch Fored,
Northern Japan. Forest Ecology and Management(d
157, 285-301.

Thorne, C. R. (1990): Effects of vegetation on riverbank eroson
and stability. Thornes, J. B. ed. Viegetation and Erosion,
125-144.

020030 50 30000020030 70 240000

0 1340



0000000000000 0O0D0ONo400D0 1350 1400 [ 20030

Jodbouoboobtdbouoboboobouoboood
Jooooobooouogn

Comparison between Doken-Type and Tsukuba-Maruto Type Simplified Dynamic Cone
Penetrometers on Foundations of Different Grain Size

goooobboobobo*ooooboobog =

Tsuyoshi WAKATSUKI *, Yoshinori SASAKI ™ and Yukinori MATSUKURA ™~

gbooggo

oboboobomko3gooobobonog
goobooooboooboboobooboo
gilorsnoooooboobooooobobooon
goobbooobooboobbooobogoo
gboooooboboboooooboboobolors
gobobbooboobobooobooboong
gobmeeoononooooooboonbooaan
00199200 0000199500 0 0 0O 1997011 O
gbhgogpbozooiooooooooboooooo
gboooobobobobcec,e@uboonoon
gboooooobooboobooooooa

oobobooooboooboboooooboboonbog
000000000 KDK S0901-1968 0 0 00O O
gooboooboobobboooboobbogoo
gboooomoboobooboobooboboooa
U0 Noe3s5300 000000000 0ODOOOO 2
goboboooooobooobooooboobogoao
gbooooboboobooooiliomoooon
00005k 0000000000 50emO0O0O
gobobooobooboooboboobobooooboobooao

gbooooobobobooboobonbg eoe O
gbogoooboooobooboboobobobol
gmoboobgoboboobooobooboboooo
goboboooobooobobooobobobogoo
gooooooboboobOon 10emdbnOog
gbooooobobobDO NeDODOO NpOOO
U0ob0o0obo0obOobOobOo0b00DbDO NpDOOd
gbOooooboboobooNeOODOOOoooOo
gbooooboboobooodoobod- 30mm, d
ugbooo- 2smm@Mmoboooooooooood
goboboooooobobooobooobobogoo
goboobooooboobooobooboboon
gobobooooboooboooboooboogoo
gobooooboooboboooobooboboaon
gboooboooobooobooooobogoao
gbobooboboobooobooboooboogoonao
00000 MNcOO N0 O 257 3020 0.6944441T]
Uoesl Dooooooboobooboboosod
goobooobooooboooobobooobooaoo
ubooooobd NpOO NeOOOOODOOO
gooboooobooobooooboboboogoa
gboooooboog

*

goobobobooooog
gooboboboooooon
gbooboooooon

*%

*kk

0 1350



oloooooooooo

BEASBBOIFH AEMRELFE (FF-SHE) BRE
E= 4
THABHOAT O EARBR TRA(K) BRAE
2o ) i3 KAR- L3R (1971)
Bt AERHE P B -8R (1978)
(a simplified cone p ter (Doken-type)) s Tida and Okunishi (1983)
THAES i3 AR, EHEE FE=RRE ER-EA (1987)
THRABER & TEmE LRS- L5 BRE FEEA (1994)
THAES H TEEER NI (1997)
THAER & BEKBE Il & (2001)
A S RARBRE bidizb= #AFEA (2002)
HBANN
MERERGSRARRE () FRARBRAZ
i 5 BARERY KAR- L3R (1971)
MEE AR URRERR) BOKTERPIRE A& (1986)
HEXNREBI—2 RARBR B (it ~ B ) ANE-Hik (1991)
R EARBRS TEEER EIRIED (1992)
e ey RN SR TR AR R DE TR LR kKR (1995)
ly dymanic cone penetrometer)
(1%)903’%%?1&0)??%:)\155& w
(portable penetration te. RILE #RE - R (1997)
(bR FURAE, ﬁﬁnﬂﬁﬁi w
(a handy dy WE 4R (2001)
REATAHSE. sxss w w HARIFEA (2002)
(a simplified dynamic cone TR, HRE kkt uki et al. (2002)
FEARMDOTHARAS K!ﬁ%ﬁ TEMER #AFA (2002)
a b ®Orykr
] @/9F G~k
Q@B Aktha—r
@HAFaYk
®IIAh (5ke)
—_
&>
(=3
@-> o @-> S
w w0
- _:| g~
1§ R 1 —
22y N ® AN | P
- (=3
a @ 2
1 gl [
-] S w © H v
- - )
u VA
-] 30
@ °
- o
|| w
©d Q ®-> Q

010 0000&a0000000b00000000

oooond mmO

gbobodgbooobobogoon

gogobooobobooobbooo sboodg
gmipobbobobobbbbooooogogd
go0o0obo0oboboOog 40 00booboo
0 Matsukura and Tanaka, 1983 O Slope 2[11] 20 0 O
gooooobbbboboboboboboooom3ogg
gooooobbbobboboo0oooobobb2003
gooboD im4o0booobbooobobog
goobboobooobooobboooomsh
goobboooobood

ddodoououoououooooooooogo
gobboobbooobboobbooobooon
gooobobobooooboboboJsa
120400 00000000000000 Matsukura
andTanaka1 19830 0 000000 OO0OOOOO
goobbgoz2o3ibbiooooboooniigen
goboobboobooboobooboooog
gobooobogood4os0emibogbognog
g 8o100oecemi 00000 DO0OD 10-20emd U
gooooob 100cm DODOODODOODOOOO
0000O0000000O0ooO0oDO 120 13km0d
gogbooobooboobooboboobo
ggboobooboobooobooboooboo
gogbooboobboobbooboobg

100
9
w0 o
S
'2;* 60
m 50
pa vt
W 40
oE)
w30 | pemewmn
B /
10 -~
NE
0.001 0.01 0.1 1 10

FIfE (mm)

gz200000000000D0A0

0 1360



obobooboz20b0000oosoooobodg
gbooooobobobizrmmiOonooonOOg
gomsmmbooooooogolsSmmmoood
gbOollimmmOgoOogoooasmmbooonod

poooooooDODOOOOO0O00000n

000000000000000000000
00000 60000000000000000
0000000 100000000000000
00000 20000000000000000
00000030 10mO00000000 NypO
500 NcO 3000000000000

000000000 NcOOON,0O0O00O0O
00 30000000000000 200000
000000000 1000000000000
0000000000000000000000
003000000-170cm0 00000000 170
-340cm000000000N,, 050000000
0000 600000000 50cm,70cm, 70 cm,
70cm, 110cm, 0 250cm 00000000000
420cmI 00000000 200ecmd 000000
170cmd 170cm0 0 0000 170cmd 140cm 0 O
0000000000000000000000
00000000000000000 Ny O0Nc
0000000000000000000000
000N, OONcOO0000000000000
00000000 300a00 40000000
000000000000 300bM0 20000
oooo

04000N,00NcOOOOOOOOOOO
0000000000000000000000
ooo

Nc O aNy 010
al000000000000000000000
000000 NcO 069N,, 000000000

UbadbObOoO0oOObDODODDO46lIOODO0O
goo3limobobogooobo2munooonog
go2inooooooisnoboonbogooonbgonodg
gbad 0690 000000D0OO0DO0O

DEREREY NRREEEY ERO—L-BREL
Nio, N Nio, Nc Nio, Nc
010 20 30 40 50 0 10 20 30 40 50 0 1020 30 40 50
0 0

Yt
Nio, N
(@) o 1020 30 40 50

T

MEO—L

BT

350 350 350 350
(b) 0 1020 30 40 50
0

50
450 450 450
100
—£# N
——AEARE (No)

o300000oooboobobo0ooooooobnoo

o DEREEY
Ne=021Nw  .~~
(R2=10.94) //”
0 10 20 30 40 50 0 10 20 30 40 50
THE (N HF (Nio)
o EEEHT , EEA—L
525 | Ne=024Nyg .77 525 | Ne=031Ng .77
Z, | (R=095) .7 Z, | R=078) 7
= .
® 15 -
K10 s
= .
5 5 7 13
. .

0 10 2 3 40 50 0 10 20 30 40 50
8 (No) 28 (Ny)

0 10 2 30 40 50
HH (No)

o40000000000000C0O000O00O0OAO
000000000000000 Nc=0.69N,o0

0 1370



goog

000000000000000000000
0000000000000 O0000O000
Statham, 197700 00000019950 00000 O
0000000000000000000000
000000000000000000000
0000000000000000000000
0000000000000000000 NeODO
0000000000000000000000
ONcODD00D00O0O0O0O0OO0OO0OO0OO0OOD0O0
0000000000000000000000
0000000000000000000000
0000000000000000000000
0000000000000000000000
00000000D00000000000000
0000000000000000
000MMO0000050000 ()00 a0
00000 500000000000000500
000000000a0000000000000
000050000 01-02mmO0000000
00000000000000000000 a0
02100 0310000000000000000
0000000000000 00000
(0160 ¢ 84)20 (p 250 ¢ 75)/20 a0 0O O
0000000000000

0.7

0.6 —
?
0.5 o
D
0.4 o
(“ ‘0‘
0.3
Lenett L]
0.2 |@assw==® ks A
0.1
0
0.001 0.01 0.1 1 10
D50 (mm)
evTL ADERERY  maEREERD
xBEO—L o B

gs00so0000abOon

0 600000000000 content for coarse
grains, CCO0 a0 0 0000000000000
000000000000 0000000000
00000000 0.1mmd0.2mmd0.4mmd 0.8
mmOlL6mmO 5000000000000000
0000000000000000000 1000
000000 a00000000000000O0
01mmO 00 035002mmO 00 0.4500.4mm O
00 051008mmO 00 0.5801.6mm 0O 00 0.80
0D00O00O00000000CCcOn 1000000
OD0a0000000C0O0O0 0690000000
0000000 0000 1L6mm 0000000
0000000000000 1.6mmO00000
0000000000000 0lmmOO 0.4mm
00000000000000000000000
0000000000 04-08mmO000000
00000O0000000000004mmO00
000000000 R0 098200000000
O000000 60D O00000a000000
ooooo
al 0.0031CCy,0 02042  (2)

a=0.0018 CC o1+ 0.1742
(R2=0.359)

a=0.0030 CC o2+ 0.1544
(R2=0.779)

a=0.0031 CCoa4+ 0.2042
(R?=0.983)

a =0.0035 CC o3+ 0.2267
: (R? = 0.894)

a=0.0057 CC 12+ 0.2318
(R?2=0.874)

0 20 40 60 80 100
HHSDEHE (CC, %)

CEEES ADERERY

XBEO—4 o HEHT

n R R R Y

Jedd0oOoOoOOobOOOcCcCchUO atnn

0 1380



0000CC,004mmOIO00000000 @)
oooo
O000004mmO000000000000
0000000001990 0000000000
0000000000000D000000000
0000000000000000000000
0000000D0000000000

O ogoo

obobooooo sgboooobobooboo
gooobooooboboobonb 30mmbd
gbooooobobooboooboobobooon 25
mmO 0000000 00o0obooboooooan
gbooooobooboon

a0 0.0031CCy, 0 0.2042

alOd00000DOD0O0OO0ON ODOOO0DOOD
UO0O00000ONcDODOD0OOONc O aNgD O
gbooooobgobogoiocC,ubod4ammionod
gbooooboooooboon

oo

goboooboooooboboooboboooboog
gobobooobooobooooboboboobooa
gobobooobooobooobooooboobogoao
gobobooobooooboboobboooboooo
gbooooobobooooobooboooooa

oo

gbooooobogobooieert: 00nooooood
gbobobooobobabgaiasdel-78d

gbooodbgobozood:obobooooood
gboboboooboobobooobooboon
4201 30-370

gooboieeel:00ogooboooboobon
gboboboboobobobomooboon
0oo0o0obogbis230
gbooooooobbbooooobobodeeen:
obOobooooboooboboooboboaoon
0O0000D453)0 3-120
gboooogbobgesrt: 00booooog
gbooboboooboboi1zg31-360
gbhoboooboboobrin:oboooooon
gbobooboooobobobOasn31-35.
gbogooogieorh:oboooooboobooood
gbobooobbooobobooooboooon
obobOobOooboooosiosr-141.
gboooobobogiorst: 00nooooood
gboboobomm—oobobooooan
O0o0o000—00000000021B-10297-
311.
gbgooogbobgieeb: boooooooad
gooooooooboboboboooooon
00000396)d 21-270
o00o00oD0o0oD0o0oboO0DbDb20020: 000
gbobooobooobobobooboooa o
gboboooboboooboboooobooon
0 0 0 430 270-2830
oooooooooooooooeedn:ooon
gbobooobooobooobooboooon
gboboooboboooooboooooaon
Ooooooooooaienis-3i0d
obobO0o0ze030:0 0000000000000
gboobobooooooad
oboboooboooboozoeoit:oooooooon
gbbooooboooboboooboaon
000000000000 0000O0O05%44)0
12-210
obooooooooooooooeen:ooon
ubboooobooobobooooboaon
0000000000 0520 643-6490

0 1390



0o0oooooobooooooozo020d: 0000
gobodoooooboooobobuooobooa
Jo0odooboooooboobooooooo
000001110 416-4250

goobdooodoooiesel: g ooooon
0oooooooobooooooooooon
00000 100 81-940

0ooooooobooo199std: 00uooooon
0000000000000 0048(3)022-280

gooboobbooooooooz0020:0000
goooooobooobooobooooao
doddoooooo 280000000004d
JoooooooboobDo3n3s-47d

lida, T. and Okunishi, K. (1983): Development of
hillslopes due to landslides. Zeitschrift fur
Geomorphologie, N. F., 46, 67-77.

Matsukura, Y. and Tanaka, Y. (1983): Stability analysis
for soil dlips of two gruss-slopes in Southern
Abukuma Mountains. Transactions Japanese
Geomorphological Union, 4, 229-239.

Statham, 1. (1977): Earth [J urface Sediment Transport.
Clarendon, Oxford, 184p.

Weakatsuki, T., Tanaka, Y. and Matsukura, Y. (2002):
The effect of bedrock lithology on soil layer
structure, slip depth and slope angle of shallow soil
slips on granite and gneiss slopes in Korea.
Transactions Japanese Geomorphological Union,
23, 223-236.

020030 60 3000020030 70 70000

0 1400



0000000000000 0O0D0ONo0400D0 1410 1480 [ 20030

Jodbouoboobtdbouoboboobouoboood

Laboratory Experiments on Rates of Dissolution of Limestones
in Water Containing High Contents of CO,

oo oooooo~ooooadg ™

Akiko HASHIMOTO*, Chiaki T. OGUCHI ** and Yukinori MATSUKURA ***

gboooago

doodbooodobobooboobouooboaa
goooobooboooobuooobooooobooa
ooodooooooooboooooooobooa
goodoooboobooboooboooobooa
gooooooboooobuoooboooobooa
goodooooooboooobbobooobooa
0 00O O Plummer and Wigley[119761Svensson and
Dreybrodtd 199200 0 000 D0DO00O0ODOOOOO
goodoboooooboooobbobooobooa
goooobooooo

dodboboooooboooooooooon
goooobooooooooooobooooon
gogooobooooboboo4000boboooon
gooooboooobooboooobooooon
goooboboooouboooobbooooooo

goooooooooooon

10o0o0oo0boobooon
oboboo 40000000000Db000
gobooobooboobbooooboobobooao

gbooooobobobooboobobo 100
gobooboooboboooboobobobooo
0000000000 KubAbOSkORy OO OO
gogoog

010000 KuO

gbooboooooboobobobomoboo
gbobobooooobobooooboobono
gbooooobooiesdamigooooooooonod
goboboooboooobobooboboooboa
gboboooobooboboobooobooboona
gboboooooboboboboooooboobo
gbobooooboobobooooogn
0200000AbO

oboboooboobobobooboboon 25
kmOOOOOoOOoOOsromdOooooOooOoOooo
goboboooboobooobbooboboooboogoao
gboooooboboboooboboboobong
gobobooboobooobboobbooooboobooo
gboooooog

O300oooooosko

goboooboooobobooboboaoooo
gbobobooooboboobooboobooonoa
gbobobooooboboobooooboobooona

*
*%

*kk

gbooboooooon

gobobobobooboooooooooobobob
gooboboooooooooboobobobooboboooooboooDo

U 1410



gbobobooomoboboooobono
gboboooobooboboboboooboono
gboboobooobooboboboooooon
0400 00RyO
oobbooobobooboooobooooboog
gbooooobobobgo 20mb0ObOgdn 30-50
mOO00000D0O0000000000b000004d
goboboooboooboobooobogoo
gooboobooobooobbooobobogoo

Kuzuu (K u)

Shikoku-karust (Sk

)

200km

o

OO0OO0OHintetal.,, 195000 0000000000
goboboooboboooboobboobobooo
gbooooobobobooooboboooo

ob40000000000000D00 35emO
UgbdilemUbOobOooOOoOobOObDOb0O0O0O0
g#o000000000000000M011I000 24
gbooooobobobono 200000000
gboobobobobobooboboboobong

Okinawa(Ry)

gil1000oo0oo0oboooo

0 1420



20000000000000000000000

000000000000 0000000
Opbuk00DODODO0OOOOODDOO0O0OOOO
000n000000000000000000
000000 CaOOMgOOAILQ,0FeOP,0;0TiO,0
K,OO MnOO SiO,0Na,0 0 10000000000
000000000 1000000

X 00000000000000000000
0000000000000000000000
00000000000000000000000
0000000000000000000000
00000000000000

doooooooooobooboo
mooooo
oo 7obooOooOoOosooooooooon
gbooooooboooooooboboobooog

gil0o0ooooboooooooooooooooo

ooooo Ku Ab Sk Ry
00000 0000 0000000000000 0000
00000g0 2369 21.92 21.29 18.23
00000gd 2370 21.94 21.33 18.36
000cem30 8.55 8.22 8.22 8.03
00000y 2.77 267 2.59 227
oooooooo 0.36 0.75 1.54 5.72
MgOLT wtCl [ 15.7 05 02 03
Al,O5 0 0.0 0.1 0.2
P,0s 0.0 0.1 0.0 0.1
K,0 02 02 0.1 02
Ca0 375 55.5 56.0 55.6
Tio, 0 0.1 0.0 0
MnO 0 02 0 0
FeO + Fe,04 00 0.0 0 01

Kull CO,0 465wt 000000000 CO, 0O 4358
wilOODODOO0OD0O00MmoOoooo0o0oo0oo0000o0o000
oooooooooao

gbOooogdboogess5emx 37ecmx 37.5cmd
gobboobooobboobbooobbooo
gobooobbooooboobbooobobogoo
gbbooobooobobooobooobooooo
oobo0oooo 20@0o0o0oo0oooomao
gboooogsoooobg 7o ooboog 300
goboboooobooobbooobbooboo
gbooooobooboooo

0m JOO0DO0O0O0O0ODOO0Ooooooooo
o000 100000 2somO00O0oooooog
oob0o0o0 coo0oo0ooooooooooDo
gobobooobooboooboboobboooboo
oooooomooOooobooOono 220000
ooboooooboooobbOOoOonlss2000
ooboo0og 400000000000 00DO
gboboobooooomoobooboobooboona
gobobooobobooobobooboboooboa
gbobooooboobobooboooobooboona
goooboboooooboooobooooboobooa
50 000000DOO0O0OOO0OO0DOOOODOOOOn
oobooogooboosoboooooooonDo
U- oboobooboooboboobobooooboa
goboboooboobooobobooboboooboa
gboboboooooboboboooboobonoa
ooooooobooobo4000000o0n
gboboooooboobooobooboooboobonoa
oobooogoesnooonooooooooonn
gbobooooooboobobooboo

020000000 3000000000000O0AO0

0 1430



20000000000
giiooooon
goooooboobbbbbboooooo
Op SemOOO0D000O00DOO0OOOOODODODO
g0 4000000000000 0000000
gobobooobobooobboobboooobbon
gobooboobob40booboooogon
gobobooobooooboboobobooboboon
gooboooboooboobooboboon
goboboooboobooobbooobooboboaon
gogboooobooobooobooboboan
gobogooooboooboboobooon
200000
gbobooobooobooooboooobooooon
gmooobodb 4750000 46100000885
o000 e3sdinooO13es0000 136200
0000000 3000000000 mMg>0
S“0ONat0 0000400000 HCO;OOOO
gobooooboooobbooboobobogoao
gobobooobooboooobooooboobogoa
obooooooooooooDoogICcAP-7570
oboooooooooobOo0oobOO0OMR-BCG O
gobobooobooobobooobobooooa
OO00ooOoOoOoXxoocooooogoo 0.01malll
gbobobtdaooobooovgOoo

XImgO O /100 ax 1/100x 1000/V, O mid O 10

goobooooboboobooboooboaoao
obooooooomooboboooooooo eroxr
oooodpembd XO61017000000000O
goono
o3anooooooooon
oobboooobooobobooooobooboonog
gooboooboobooobobooboobooooboooa
gboobodboboboboooobobobd
gobobooobooboooboboobooboooboogaa
goobooboooboooboboboboooobooa

goboboooboboobooobbooooo
gobboobooobboobboooobobooo
gbooooboboboboboooboobobo
gbooooobobobooboobooobong
gobobooobooooboboobobooooboooo
gbooooobob 11000 2400000000
goooooog

gooooo

giupooooo

ooooooeng8u SemdOOOOOOOOO
goooooooooboboooboooo3noon
goodboooooboobooobooooonoKud
3,250p S)‘emO AbO 5,560u S/cm Sk 6,480u S/cm]
Ry 6,840y ScmO 000000000 SkO Ry O
00o00ooDoo0o0ooooooooooooOgdADb
godoooooooobobbobo KkuOOO 300
godooooooobbbboooooooon
goddooooooobboooooooooon
goodooooooobobobobo400oonooono
Kuoooooooooooooood
gz200ogd

dodooooooobob 20000onon
goodoomobobboooooooooooo
o0o0oooo30ooooooooooooog
0000000 Sk 61.0 ppmIRyI 56.9 ppmiL]

8000
7000

6000 [ ——Ku

5000 | -O—Sk
2 <Ry
S 4000 [

~
(%)

2 3000

Electric conductivity

2000
1000 -

0

0 500 1000 1500

Duration (hours)

o30booooooooboooooooboooboo

U 1440



AbM 43.0 ppmO 0 Kud 148 ppmO 000000 O
KuoOooooooooDboo 6183ppmbOOn0Og
000300000 1.02pprADOODOODOO

000000o0oooooooooooooooon
0000000o0oooooooooooooon
0000000000000 Ry 179 ppm sk
0 156 ppmO0 AbI 126 ppmO0 Kulll 80.9 ppmO O
oooo

o3oooooooooo

Oo0O00ooooooooe3x3nuoono 136200
ooo0oo0oU0UoooUooooooooooo
0030000000093 00000 1,36200
ooooooooccooooooooooooo

COOW,0 WM, 020
000 W, 0000000000 W00 93300
00000000000 1,362000000000
0000000000 0000000000000
00000000ORyO SkOODOODOOOOOO
00000000000000 KuOO0O0O0000
0000000000000000000000
0000000000000000000000
00000000000000000000000
000000000000000000000

gz2000000000000C00000O0AO

Duration EC ca?t Mg?* si* Na* HCOy

(Dours) (v Slem) (ppm) (ppm) (ppm) (ppm) (ppm)
Ku-l 535 (407.5- 461) 96.59 14.7 5.93 0.025 0.116 72.0
Ku-2 480 (885-933) 128.39 157 6.41 0.0112 0.204 915
Ku-3  42.5(1319.5-1362) 118.84 13.9 6.05 0.0098 0.120 793
mean  48.0 114.61 14.8 6.13 0.0153 0.147 80.9
Ab-1  535(407.5-461) 182.35 416 111 0.0603 1.06 124
Ab-2 480 (885-933) 196.99 412 0.958 0.0356 117 123
Ab-3  425(1319.5-1362) 176.46 46.3 1.00 0.0276 134 130
mean 480 185.27 430 1.02 0.0412 1.19 126
Sk-1  53.5(407.5-461) 226,51 58.6 0.327 0.0341 0.081 177
Sk-2  48.0(885-933) 286.89 65.9 0.321 0.338 0.173 159
Sk-3  42.5(1319.5-1362) 226.96 585 0.312 0.0149 0.085 133
Dean 480 246.79 61.0 0.320 0.129 0.113 156
Ry-1 53,5 (407.5-461) 240.11 53.7 0.390 0.0653 0.300 162
Ry-2 48,0 (885-933) 249.19 54.9 0.407 0.0435 0.321 189
Ry-3  42.5(1319.5-1362) 24563 62.1 0.432 0.0529 0.433 187
mean  48.0 244.98 56.9 0.409 0.0539 0.351 179

00000000000000000102030000000 4075-4610008859330001319513c20 00000000

oboooOoobOoO0oOoons3sbh4sd425000000

U 1450



030 0O0O0O0O0O0000essbnooonn 13620
ooooooooocooooooo

933000 1362000
0000000090 0OD0DOgn0OO000D DOODOoguobononoo
Ku 23.89 23.69 [00.840 2354 [01.420
Ab 22.29 21.92 [0O1.660 21.66 [2.830
Sk 21.76 21.29 02160 21.13 [03.220
Ry 18.70 18.23 [ 2510 17.94 [04.060
good

100o00oooooboooboooooonoooog
gooooooo
oooilmoooobooobooooooooon
gbooo 3000000 ,00b0000000a0
RyO s&kOOOOKuOOOOOOODOOOOO
gboooooooobobooboooboboo
oo 4000000000000000000
gooao
ECO a Ot g3d
gboooooooooobOoOoooOo ecooon
O00oDOp SemtD0C0O0000O0DDOODOOO
gboo0t00doodb00UdUo O RyO 51800
00sSkO 5100Ab0 4.090Ku0 242000000
obobOoboooobooobooboooooboo
0000000 3g0booobooDbo 100
U0 3goboooboooboooboooooooon
gb40000000000o00o00o0o0a0o0a0
gbobooboboboboobooooooooo
ooooooo400d0b0O0OO

[Ca?]0 B OO 040

[HCO;1Oy OO 050

gbobooobobooobooobooobobooooboo
gbob300bo0ooooood4ansogoood
O0pUy ODO0ODODO0OOO0OO0OO0OOOOOOOOOoo
gbobooobobooobooobooobobooooboa
oooooooooooop OO0y DOoOOOO
gboboobooooooos3sgooboboo
gboobooboobobobooboboobooooog
gbobobobobo z20b00b00000000
gboobogosbmoooooobooboobonoa
gboobooboobooboobooboboooboooood
gbobobobooboobooooomoboona
gboboboboooooooooobogbon

600

500 /

The concentration of ions (ppm)

Duration (h)

040 0OO0O0O0OO0OO0ODOOOOOOOODOOO
goooooooboo

, 000

300

250

o O
o HCO,~

O L v=o79x
©  R=0968

N
o
t=1

o
S

[J
° ® ® Ca?*

The concentration of lIons (ppm)
o
o

o
=3

y = 0.2491x
R=094

o/(
M
0 50 100 150 200 250 300 350 400
Electric conductivity (¢ S/cm)

o

050 0O0OO0O0OOoOOoOoOoOoOobocoOoOoOooOoOoOoo
oooooo

0 146 [0



[Ca?] O KO EC 060

[HCO;] O LOEC 070
000000000K O 0.24910 ppn/y e
L=0.71920 ppm/y SecmO D000 OKOL OOOO
0000000000000000000000
0000000000000 00000 300400
0600000000000 D000N30M 500 70
000000000000000000000

B OalK 0 80

y DaOL 090

o 0 KOODOOOOOOOO8OD9IOOO
0000000000000000000 B
Op SYemt00y Op Semt0 000000000
00 O00B O 0.60400p ap 0 1.020p g O 1.270
B ry0 1290y ,0 1740y p0 2,940 g0 3670
Yr 0 3730000M3000060M7000
0000000 30000000000000
000000000000000000000
0000000000000000000

[C& 0 KOa OO 0 100

[HCO;]1O LOa OO 0 110
0000000000000000000000
0000000000000000000000
000000000000000000

200000000000000O0O00
ooboooboooobobooobooboooboog
gobobooobooobobooobbobogao
gb0o3s3ngoooobogl3e2uboog
0oboooboboobooobobooboonboo

The loss of weight (%)

0 2000 4000 6000 8000
Electric conductivity (u S/cm)

debbbO0OO0OOOOOOOOOOOO

obobooooooobooobooobennnDOOmm
uobobooboooboooboooobooad
gogboboooobooobobooboaobooad
gbgoooodbobooooao

W0 O OO NOEC 0 120

OO0O00000O0NO 00008 p Sem/0 M O0O0O

soooooooobooooooono
uboboobobobobooboooon 4
ubobodbobryOOO0OooooOoooOn
ubooobobooooboobbooooboad
uboobto 1b0bobobocbooboobooobood
uboboooboooobooobbo kuOOOOO 300
goboboooobooobboooboobooodad
guobobooboboooobobbooabooood
uogbboobooooboboobbooooboogad
bobooooboooooooboooboobOo 3o
bobooooooooooboboboooon
gogbooboooobooobooobooad
ggbobooobobodoboobobooboboad
ugbboooboooobboobboudaoogad
guboboobooaboboooboooboodad
boboobobooboobooooooooooon
gbooooooboobooooobooboobooon

U 1470



goboboooboooboooboboobgoo
go3goobooboboooooboboooo
goooooboboooobooboooboooo

goog

gobbooboooboboooobooooboog
U40000000000000D0000O000O0
gbooooobooooboooo
1noobobobooobooboboboboooo
gbobobooooboooooboboooo
gbooboboooooobaon
20000b0oboboooboboboobooboag
gbobooboooboobobooooobaoobo
gbobogoooooo ,obooboboooo
goooooooooobobbbobobooo
googoo

oo

ooboooobooooboboobbooboog
goboboooboobooobooooboobooao
gobobooobooobobooobobooooa
gobobooobobooobooobooooobogoa
gbooooobobooooobooboooooa

gobobobooooboboooboooobobag
goboboooooobobooobooobbogoo
gboooooboboboooobobooo

g

Ogoooooo1es4. 0 00dg sugoooo
00000000000 O201p0

Flint, D. E., Saplis, R. A. and Corwin, G. (1959):
Military geology of Okinawa-jima, Ryukyu-retto,
\olume V. Geology. Intelligence Division, Office of
the Engineer Headquarters United States Army
pacific with personnel of the United States
Geologica Survey, 88p.

Plummer, L. N. and Wigley, T. M. L. (1976): The
dissolution of calcite in CO,-saturated solution at
250 and 1 atmospheretotal pressure. Geochimica
et Cosmochimica Acta, 40. 191-202.

Svensson, U. and Dreybrodt, W. (1992): Dissolution
kinetics of natural calcite minerals in CO,-water
systems approaching calcite equilibrium. Chemical
Geology, 100, 129-145.

020030 60 3000020030 70 70000

0 1480



0000000000000 0O0D0OONo40 01490 1550 [ 20030

Jooooobtdbouoboobooouonon

The Effects of Environmental Conditions on Salt Weathering : A Laboratory Experiment

gooooooooog ™

Tomoko KIMURA™ and Yukinori MATSUKURA™

gboooago

gooboodoooooobooooooo
goooobooobbouoooooooooobooo
Jdddodooooooooooooooao
00o0o0ooooooooooooooooo
gooboo0odooooooooooooboo
gooooouobbobooouoobobooooo
Kuchitsuetal., 199900 000000 QCOOO
goooooobooooooooooooooo
goodoooooooboooooooooo
gobooooooooooobooooobod
00ooooooooooooooooooo
Matsukura and Matsuoka 199601 McBride and
Picard 200011

O00000Osdtweatheringd DO OO0 O O0OOO
0ooooooooDOoooooooDOoooon
goooooooooDooooooboboao
Goudie and Viles, 1997, pp. 123-1600 1110 0 00 0O
Ogoooooooooomz200000o0oooon
000000 m3ooooonoooooooon
gobooboooooooooobooooooo
gooooobobobouooooooooogo
gooobooboboboooooouoooogo
oood

gobbooboooobobooobooooboobag
gobobooooboboobooobooboooboogad
ggbobooooboooboboodoboboaobad
ubobOobobOoboboobooooooooon
gbobooooobobooboooo

gooooo

gobooboobooooooboooboobooog
ugboooboobooooooobbooooboad
ubooooooooobooooobooboobooo
gobobooobooboboooboobobbooo
goboboobobooobobooboobooooogoa
ubgobooodabobooboooao

10o00o0o0ooocoon
oobbooboooboboooboooobooag
gboooobooobooboboooboboobooog
ubOooodosx 5emb0dd 15emO0000
ubobooooooooooboboboobooo
goboboooooooboboooboooobobogo
uoooooooooooobooobbobbod
gogboboooobooboooboooboad
uboooooooono rOOCOOOOOOOOO
gboooomoobobooooboobboooo

*

gbobooooooboboobobo
gbooboooooo

*k

0 1490



0000000000000 15¢f/em00000
224000000000 161kgflem?0 000000
0 0 0 20011

200000

gi1ipoooo

OO0DO0O0OD 2000 NClODOOODOOODOO
00000 100ecm®*0 NaClO 35.8g0 00000
g0 woooobooooobooooog 100
cn®d NaClO 143g0 0000000400000
goobooboooobobbbommicoonog
g0000 110000 NeClODOODm400000
gboo0o 4o0b0b00boobooboboooo
gbobooooooocooooboooboooo
goooooooboboobooooobo
g220b00ooooooo
goboooobobooobobooboboooobo
goobogobboooooobboooobbooo
gboooooobooboboboboooooonoo
gboobooooboobobobobooooooo
00oOo0O0o0oDbOo0oO0bO0O 450 50misO
gooo
gbobooooboobobobooobmobiinog
gbooooobobooobobooooooog
gboooboooboooboobooooboo
gboooooboooobbobbbouoobooo
gboooooboboboboooobobobo
gbooooboobooooboobooooo
gbooooobboooobooobboobooo
gboboooooboboboooobo

ooooooooooo

ob0o 200000000000D0ODODOO
gooooobooboboobooobobonbog
gobooooorbOobOO0o0oboooNDOonDoo
goOo0o0i1oo0010000 400040000000
gbooooJoobooooobooboboooo
gbooHoobobooooobooboboooo

gbooooooooobooboboooooboobo
100000000000 00Db00Db0b0O000d
gboooobooobobooobooobbogoo
gogoog

400000

gboboooobobobooboo
gi1iooobgoboosemdbobooooobDOn
goboboooobooobbooobbooboo
gboooooobogoog
g220bgoobbooobbooobobooooon
gboooooboboooobobdon 4embO0
goooooo
g3pob2000000b0ob0ooobooban
gobooboobooooboooboooobogoo
gbogooooo
g4000000Db000o0boooboobn
gbooooobobobboobono 2400000
gbooooboboboooobgn 4emO0O
uoooooooooooooooood 6mm
gobobooobobooboooboobbogoao
goobboooboobobboobooobooo
gbooboooooboboboooo
ustooobooboono 40b0b000b0o0oban
gboobooboboooobobooooobsoonod
gbogoboooooboboboooao

oe0 0004000500 1000000000
U3s3boobooboooooban

0i10000000000000000000

oag
ooooo
oooooooo oooo
Fan F100
100
Non-fan F1000 HO
Fan F40
40
Non-fan F400 HO
oono Fan FJ

0 1500



goboboboooobboooobooobooboog
gbooooobobobobobooboboos
mm 00000000000 000000000
gboobooboooooobboooooJr oo
Jioodoooooooooooooonooooon
gobobooobboooboobooobbooo
goobobooobgoozoobooobooooo
goooooo

wl 246X

obobOwbhOoboOooXxgoboooooooog

o0 e65emO0 1835ecmO 0000 1emOO0ODO

gboooooogoo

gooooo

1o0o0oooboobobooooobon
oobbooobobooobbooo 100000
FAOO Flo0OHOOOODOOODOOOOOOOO
goboboobooobobooobooooboogoo
Floooooooooooono

0 MMOOHOODDO

gbOoo0obO0or4OO0D00 F1O0OHD O OO 1000
00000 FI00 NIcOD D OO oOooooooo
gobboobooobboobbooobobooo
gboooooobogoog

gobooooboooobobooboboooobooba
gboooo200000rA0000D00D0O00O0
U3aommiO0bnDooooooooooonbooo
F40-300 0000000000 2000 0ON100-10
O N40-4000D000DOODOODOODDOOO
oobooobDoo0o0oO0 10mm4ommO00000
ubomobobooooobobooboooa
ooooobooo10z2mmO0OOOO0O0ooOoOoon
5mmO0O0O0O0O0O0OOOOOOO00OO0OO000
gboooooooooooooobogono 20000
o300obooobooobooobolommOonon
goboboooboboooobooobbooooo
ooooooboooosommOOO0O000O0O0O0OO
gbooobooooboboooboooobobooo
U0000DbO0000rR4AO0O FICOHOOOOODO
ooooooooooooooboooboo20
gbboooboooobobooobooobooooo
gogno

F100

Fa0

N 100

F100(H)

F40(H)

oi1000000000000000
goooooooowooooooz200oooooz3coobooooono

0 1510



BIKE (%)

K 0 Kt 6
10 10

02

—T=

J===30|

20 0 20

| ===30

140

'%3:,%

120

BE (mm)

80

60

40 SN N S AT ) ’
-0 -5 0 -0 -5
FBEE (mm)

-10 -5 0
BEE (mm)

020000000000000000O
gbooboooooobooobooooobobooboobooooooo

oboboobobOoboooooooooboooboo
booboooocoooobooboboboooo
gboooooooooobooboboboobooon
gboooooooooobooboboboooon
gboooooooooobooboboboooon
gboooooooboobOoOobOoOrooaHOO
b0 MMOO00O0O0O0O0OO0OCOOOO0O000O0
goooooooon

2000000
gboboobobooooooooboooboon
go3000obooooooooboobolioooonn
giooooobooooooooooooooon
goboooobooooboooooooooon
gbooobOoboooOoooooooooobocooon
000000000 00FI000 F400O N100 O N40
gobooooboooboooooooooon

oboooboooooboocooooooooon
goboooooooobooooooo

gooogo

oobooobooOooobOobOoobOooobooon
l00ooo0ooOoobOoobO0o0oboooOooogd
gbobooobooooooooooooooboon 4
bo0O00rOO0O 400000000000000
gbobOor0O COO0O0OO0OO0OO0OOODbOOOOD0OO
FAOOODOOOD0O0OO0000000 rAOOHOODO
uboboooobD 2000000000000A0
FI00OHOO 1000 00000000000000
uboooobOoobooobOo0oO0o0 Foeo0 2000
gooao

0 1520



g
o

o

— N
o
_,;ﬁ_,‘-»
n
S
=)

BBEBIAE (a/h)
=

o
13

g
[S)

10 15 20
AT

—e—N100

——N40

””” —e—F100(H)
20
- —+— FA40(H)
)
<15
;]
$
#10
K
05
00
0 10 15 20 5 30
AU
0300000no0oooooag
45
—e—F100
40 1 —e— F100(H)
35 L —e—N100
—a—F40
230 1 —a—F40H)
32_5 | —a—N40

»>

X it
R

0 5 10 15 20 25
AU

o40000000C0000O0O0C0COOO

good

10o0oo0obooboboooobooboboon

obobooooboobobooboobo 10040
gobobooooboooboobooobobbogoo
goboboooobooobbooobbobbogoo
goboboooobobobooobooobogo
goboboboboooobbooobbobogoo
goboboooobooobobooobobobogoo
gbogooooboboboobobobobodn F40
U FRoooHOOODOOOoDbobDOoOoOobOOooDboo
gooooooooooooboobbbbDbg
goboboooobooobooboooboobogoo
goboboobooboooboboobobooooboogoao
gobooboooboobobooobobobobooao
oo0oobooobO0o000 ROOFICOOHOODOO
ugoooooooooooobooobbbbogd
gobobooooboooboooboooooboogoo
gooboooobooboobobooboboon
goboboooboobooobobooboboooboogoao
gobobooooboobobooobooooboobogao
goboobooobobooboobobooboboon
goboboooboooobboobbooooboooao
goboboobooooboooobooobogoo
goboboooobooobooobooooobooa
gbboooboooboboooboooboooooa
ubooobooooobooobooooboogaa
gobobooooboooboooboooboobogoo
goboboooboobooobobooboboooboogoao
gbooooobobooboooooboboooo

gobboooboboooboobbooobooa
gobobooooboooboboooboboonbogaa
OoO0OrFo00 FIO HIOO O O O F40 0 F4Q HIT
goboboooooooboooboooboogoo
goboboooboooboooboooobooga
gobobooboboooboboobobooooogoa
gbooooooan

0 1530



2000000000000DO0O0DO0O0DO0ODO
gobbooobo 1oconboooboooboog
gobobooobbogoob400D0000000
gobobooobooobooooobooobogoo
gboooobomooboooobooboboooo
goobboooobooobbobbooboo
goboboooboooobboobbooobobooo
goboboooboooboobooobbogoo
goboboooooobooobooooboobogoo
gobobooooboboobobboobobooo
gbooooooboooooboooo
oobooobooooboboobobooobog
gooboooboobooobooooogoo
gboooooboboboobodb sagbgonOog
gbooooobob ro0Db0O FoooHOOOO
gbboooboooboooboobooooao
gbooooboboooobooobooooboobogoa
gbbooobooobooooboobooooo
bR HOODOOOOOoOooOooOoooooao
goboobobooobobooobooooboobogoao
gboooe.-.0gboboo@moboobooboood
obooooooooooborobObOOnOOOonOn
gboooobobooboood 4000000
goboboooboooobobooboboooboooao
gooboooobobobobobbooobobogoao
gogooooooooooboboboooood

O Tekahashi etal., 199400 00000000000

goboboooooobobooobooobbooo
gobobooooboobooboboobboon
gbooooboboboooobobobobo
gobobooooboooboobooobogoo
gogoboooooboboboooon

gobboooobooobbooob400000
go oooobooobobooooboobboon
gobobooooooobooobooobogoo
oooooDboOosh0moooooooon 100
ubooog 4ouboboobooboboooa
gobboooboobboo400b0b00n
gobboobooobboobbooobbogoo
gboooooobgn

gooobooboboobooooboboboonoa

OscObpobobbobobooobobonbog
goboboooboboooboobboobogoo
gobobooobobooobboobboooboogoo

0 Rodriguez-Navarro et al., 1999(1J 0 30 O O O F100

0 N1OODF40O N4AOQU DO OODOODOODOOOOO
goboboooobooboobobooobobbogoo
gobooobooboooobbooobbooooo
gobobooobooboooboboobobooooboooao
gobobooobooobbooobbooooo
uboooobobooboooobooobooboon

4
. ® F100(H) . o 100% . wAAFY
35 O N100 A 40% .
A 40 o F100(H) AR

3 4 A FA0(H) Lo « F10 r A, © F100(H)
E A N40 A F40
E 25 ;] R x
B “8 ‘s %

2
e N oo / /4 .. / -
w e
el 15 R 8 0 o . é/ 8 o . X X .

o A Py x/ 4 o
! L oga b A B g
08 D3 X
05
Nl R L
o L e L Le
0 1 2 3 4 50 1 2 3 4 50 1 2 3 5
BHEE (@ BHEE (9 BHAE (@
@ £y (b) gafneEsR| (0 ROEE

gs00b00oogoboooboooobooo

U 1540



goood

gobboooboboooboobooooboog
gboooooobooboboooon
giooooobboooobbooobobooon
goboboobooobobooobooobboo
gobboooboobooobooobbooo
gooboooboboobooobobbogo
goboboooboooboooboooooboogoo
gobobooobooobooooboboboobooa
gooo
g220bo0obboooobooobobooon
gobobooobooooboboobbooooboooo
gbooobooooooboboboooboobong
gobobooobooobooobooooogoao
gboooooogn
g3gsooooooooobooooboobooon
goboboooboobooobooooogoo
goboboooobobooboooobooobogoao
goboboooboobooobobooboobooooboogoao
gboooooo
u400oobobboooobobooooobooon
gbboooboooboboooboobooooa
gboooooboooooboon
ustboooooooooboboooboboaoon
goboobobooobobooobooooobogoao
gobobooooobobooobooooboobogoa
gbooooobooboobooood
gobooobooooboboobobooobog
gobobooobooboooboooooboga
gbooooooboobooooboboooobogoa
gooboooboooobobooboooooooa
goboboooboooboobooobooooobogaa
goboboooboooboboooboboboobogoao
gboooooobooboobooood

g

gobbooobobooobbooooooboog
gbogoooJrgbJrconoboonooooood
gbooboooooboboboooo

oo

0000 b20000: 0o0oooooooooooo
Ooooooooooood

ooooooooooz010:0000000oo0d
0o000ooooooooboooooooa
ooooooooooooo,2,19-23.

Goudie, A. S. and Viles, H. A. (1997): Salt Weathering
Hazards[] John Wiley and Sons, Chichester, 241p.

Kuchitsu, N.O Ishizaki, T. and Nishiura, T. (1999): Salt
weathering of the brick monuments in Ayutthaya,
Thailand. Engineering Geology, 55, 91-99.

Matsukura, Y. and Matsuoka, N. (1996): The effect of
rock properties on rates of tafoni growth in coastal
environments. Zeitschrift fur Geomorphologie, N.
F., Suppl., 106, 57-72.

McBride, E. F. and Picard, M. D. (2000): Origin and
development of tafoni in tunnel spring tuff, Crystal
Peak, Utah, USA. Earth Surface Processes and
Landforms, 25, 869-879.

Rodiguez-Navarro, C., Doehne, E. and Sebastian, E.
(1999): Origins of honeycomb weathering: The
role of sats and wind. Geological Society of
America Bulletin, 111, 1250-1255.

Takahashi, K., Suzuki, T. and Matsukura, Y. (1994):
Erosion rates of sandstone used for a masonry
bridge pier in the coastal spray zone. In Robinson,
D. A. and Wiliams, R. B. G. eds. Rock Weathering
and Landform Evolution. John Wiley & Sons,
Chichester, 89-98.

020030 60 13000020030 70 240000

U 1550



0000000000000 0O0D0OONo40 01570 1830 [ 20030

ooouoooogo
[J 2002 0 O

Observational Data of Heat Balance and Water Balance
0 2002 O

gooooroobooo:

Daisuke NOHARA " and Jun ASANUMA *

gbooggo

oobooooooobobooobobbog
oboooooooooobo 1eomOdOoOooon
gbooooooooobooooboobooooon
gboooboze000000000000000
goobOooobobooboooboobogoao
guoboboooboobooobobooboboooboogad
gbooooooooboboooobooboobooon
gooooobogog

gboobooboobooooboobooog
020020 30 110 120000000000000
gboooooooboobobooboooooobooo
gboo0g0dnOzo0200 120 170 180000000
ghozooz000b00ob0Oo0oboOobDOn 0200300
gboooooo

100 190 2000000000000 0O0O00O0
godb 40 50000000000000D0O0O0
goboboooboooboboooboboonbooao
ubooodbobob 100 1muo00o0o0d
gboogOozooooooooooon

gbooabboobuodgboooo

10 00 OWind Direction

oo0ooODoo s5mOiOooooooooao
0dooooooooo oooooooooo
20000 Wind Speed

Jodddoooooooooooooooo
odoooooUoUOooUoooooooooo
00oO0o0oOoOo 16emO0O0O 295mO00d O mis
oood

19970 80 1000000 205mOd0OQgon
0oo00ooDO0DoDOoDOoDoDOoDooooooooon
0odooooooopooooooooOoooon
oopoo2a5mOipooooo3s5mOOooon
000o00oDoooooooDoOo 3321300000
000000 m33000 2133600000000
ooooooooo

0001197 000000000000 00O0O0
ooooooonD 1emOdO0O0OoOoOoOoDOOO
odoooooUooU0oooobDOoDoDOooDoooon
00000DOoOU0DOoO0DOoO0ODOOdDdoles
00oo0oDoooDooo 1emOOdOoooon
00000 215mO0000000000000A0O
00000 1000000000 ooooooo

* goobobobooooog

g 1570



ImO00O0O0OO0O0OOO0OO0OO00O0O 16mOOoon
gooobooooobbooobobooooo
go20200000b0000bobooooooos
0130000000000 16emdOdooooOn
gooed 2000 215mUi00000000OOOO0O
20 26000000000000000000O0
215m00 16mO000000O0
30000000000 Momentum Flux
do0ooobooooooooboooooooo
Ogoooovuvoooooooobbobowooooo
020000000000uwD00000000
0000000000000 0x 01m¥s20000
0000000000 1emiO0O0O 205mO0Q0Qdnd
1000000 1000000o0o0o0o0booooo
O0o0oooooooooooooooooo
00 1emd0O0O 205mO00ddoooonon2d
oooooooooooooo
4000000000 Sensible Heat Flux
dooooboooobooobooooooon
00000000 00ooooowT ODoooooo
0000000 o0o0bOOooo0O0Ox 010 msOO
goooooooooobooooooooooon
goooooobooob 1emdOO 295m0Odd
goooobo200o0000ooooooooo
5000000000Total Shortwave Radiation
doooooooobooooooogoilismoo
dooooOooooobooooooooooaoMmy
m2day 0000
60 0000 0O0ONet Radiation
dooooooooboobobooooooog 15
mOO00000000000000000000
0O MImYday DODO0O40 50050140000
goooobobooooooooogd
70000000Soil Heat Flux
doooobooobooooboooboooo
00000 MdIm¥dey OODOD00OO0O0OOOOOO
oo02emiogng

80 0O 0O DO OO Sunshine Duration

dooooboooboooobooooooo
goooobobobooooooooooooo
90 O O O Air Temperature

goooobooooboobooooboooon
goodooooooobobbobobboooooooo
goddodod 1embd123midn0n0 295m0d 00
goodogg2smidfdnooonD2001 000
0gd1we2s5midbboiob1ooodooooon
goddoommobboooooooooooo
gooooooooooboboboboobobo2002 00
gododoooooobbbobbobooogooad
100 0 0 O Soil Temperature

0o 10mmdoO0 15emidgoooooon
goooobooboooooooooboon
00000 2cmOST1I0010cm O ST20 O 50 cm

gsr3aooon1ocmiOST40000000000

gooooooobo0 1mdoooooooo
ogooooooooood
110000 O JGround Water Level
goooobooobooboooooooon
O0mO00022mO0GWIO000O0O0O0O0OO
0.7-2mIJ100m O OGw20 O 89mil]1220m O

oew3td -1 smbooooooooooaoood

oo0ooooo22mO00O0O0OOOODOOOOO
ooo0oooOoooooooooooooooon
oooooo2omOO0O0O0O0O00O0O0OO8900
ooooD 2mO0O00O0OOOOOODOOOO
000o0ooooo0oooooooom@momOOO
oooooooooooooooooog
120 00 0 0 O Dew Point Temperature
O00oo0oooooooooooooooon
0oooooooOooooooooooooog
Oooooooooooooooooon
130 0 0 O O Precipitation
100 05mmO00 20cmI 00000000
00000000000 mmOdOO0O0OD0OOOOO
00o0ooooDi0 1004010000000

0 1580



ggobbooobbuoc40 1bboooboog
gooboboooboooo
140 0 0 O O O Evapotranspiration

o0 2mb0O0 2mO000O0OO0OOOOOO
gobooboboobboobboobboooboo
godboooboooobepubuouobooboooo

O0D0o0oooDoog=+x2s0kg 00000 80mmOd

gododoooooobobbobob 1o0gd0onon
coxzmmIOD OO0 mmMDOOO0O0O0O0O00
goddoombobboodooooooooo
goooobooooboooboooboboooon
goddooooooobbobobbooodgoosO
godooogooogoosb ooooooooon
pgoddooooootbbboooooooon
gooobobooobobooboboooboboooon
gooooboooobooobooooboooon
oo oooooo
goddoooombooooooooooooo
gododombobbboodooooooooo
goodoooooboboboobbobooooooooon
go1ee000o0doooooooooooooo
goooobooobobooobooooboooon
godooobobobbboodooooooooo
gMUC-1/AsZ0 00000000 ooooooad
000000DOO0o0obOOo0oooooD 19980 80
4000000000 ooDooDooooon
godooooooobobooobbobooooon
gododoooooooooo
goooobooobooooboooboooo
gooooooooobooobooboooon
goooboooboobooooooooooo
gooobooooobbooobobooooo
00o0bDo00o0ooboOooboO19Yaldnonod
gooo
150 O O O Atmospheric Pressure
gooooosomObbOoOooooooooog
gooooboobuoooboobobooooon
hPaO OO 0O

gbooobgo

goooesoddoooonoooooooo
0o0o0011mi9770 80 - 19790 30 111988 [
0goooooooooooooooooz20000
0oomoJ1981d 70- 1987 0 12 0 [111989 0 O
0ooooooooooooobooo3dnoooo
00m19810 80- 19870 120 M0 00O 10
godooboooooboobooooboooogo
19800 O [0 [0 0 0198811198901 [ I [ J [0 198901 [
00001900 000dddniee2d ddddioe3d
199500 0 0O 0O 0O 0019941 199501 19961 1 D O O O
199700 19981 1999b(1 200000 O 0 00 O O 00 20010 O
gopoozo2ddddoooooooooon
gooooboobboooooooonoooon
oo0ooboooo02000000000

doooobooooooooboooooooon
goodoobooolroooobooooooon
0000oo00o0oo0oooooooooodao htp://
www.suiri.tsukubaacjp0 0 0 000000 OOO
00000000 oao http://www.suiri.tsukuba.ac.jp/
hojyo/databasentm O O O 000 OO0 O0O0OODOO
goooooooooobooboooboon
ogoooobobboooooooooooog 207
gooooboobooooobooobooon
gooooobooooooobooooooooo
gooomoooobobbooooogoooooo
googliesooooonno 1987000
goooobooooboooobooobooon

01978019830 0 0000000

RN

oboooobDo0oDooOoDbOo0 0i1900:0000
oobooboobogoieseinooooooon
00000000140 131-1610

oooooooooooooooooooooi9red:
obooboobOooooboobooooonbo

0 1590



0000000000000 0000000
0000000000000 000002065
890

000000000000000 019830:000
00000000000000000000
0000070 75-850

000000000 D019920: 000000000
000 1990000000000000000
0 0 O 160 125-1530

00000000000000 019890: 0000
000000003000000000000
0000000000 01300080p0

000000000000 019800: 000000
000000100 1977.80 1979.3 0 O 52p0

000000000 D019940: 000000000
000 1992000000000000000
0 0 O 190 69-980]

000000000 D019950: 000000000
000 19983000000000000000
0 0 O 200 97-14400

000000000 01960: 000000000
000 19940019950 0000000000
000000210 61-1150

00000000000000 0199830: 0000
00000000 1910000000000
00000000170 157-1870

0000000000000000000 O 199%50:
000000000000 000000O0n
000000000000000000020
0 0 0 99p0

00000000000000000000019880:
000000000000200000000
0000000000000001200 73p0

gobooooooboobboboooboobooo
oobi1esn:000000o00ooooog
OobobOoooOoooO0o0obooboboO0isd
147-15801

oboooooboobzoob:-cooooooon
gbgzoo0boboobOobooooobon
0000020 41-660

gboooooboboboon b20020: 0000
oobooboogz20bb00ooooon
OO0obOOoOooo0oooasdi121-1460

gbhooobooboobogrt:oboooooboon
OO0 1e000000000o0oa0ooa
0 0 0O 220 45-750

oboooogoboobeest:cooooooon
Oob970o0oooooooooooog
0 0 0 230 103-1360

obooobooobOo 019%al: oooooooo
gbobooooboooobooboooboboaoon
Ooobooo0oo0o0oo0000000000240
107-1150

000000000 g199epd: OOOOoDoOooo
o000 1998 DO0ODOOOoOoooooogd
00000240 143-1860

oboooooboobzeoo:-coobooooon
OobO1enooooooooooooonog
0oo0o0din77-1030

ooboooooboooboboobooobbod2ooa:
gbobobooobooboboon 200200
cyc400D0O0 LAIOOOODDODODOOO
gboboobooooobooooboobooaoon
0 0 4, 109-117

0 1600



gbooooo

googo
O1O0ITEM OOO00OODOINSTRUMENTOOOOOODOOO
O20UNITODOOODOMONTHLY FREQUENCY DD OO0O0ODOD0OO
g3vooboobobooooooboobo
4000000000 MMOob0o0o0o0boboboooooa
O50NoDaall DD ODOODOOO
O6UOMEANODOOOOOTOTALODOODOOO0ODOOO

0 1610



m/s

10

Wind Speed

Wind Speed
I

Month

glo0bo0ooo25mb00m@mOiobo01emb000o0ooooooooooooooon

0 1620




x 0,1m2 /g2

2

Momentum Flux

x 0,1m2/ g2

-0.6

-0.9

-1.2 +

Momentum Flux

-1.5

-1.8

Month

2000000 25mb00dbddlembbooooggoooooooooooboooooooo

0 1630



x0.1°Cm/s

0.7

0.6
0.5
0.4
0.3
0.2
0.1

-0.1
-0.2
-0.3
-0.4 -
-0.5
-0.6
-0.7
S [ T Y O B B

Sensible heat flux

0.7
0.6 |
0.5 —
0.4 —

g

-0.2
0.3 -
-0.4
-0.5
-0.6

Sensible heat flux

S T O S E O B

Month

g3goooobo2esmibod@mod0ilemibdoogoooobooooooooboobooog

0 1640



MJ/m?/da
20 y

c [
_O 10
=
3
g L
5 | |
Z 0
0l | | | | | | | | | | |
1T 2 3 4 5 6 17T 8 9 10 1 12
Month
30 MJ/m?/day
c L
2
]
8 20—
T
8
[ -
3
3
£ 10
]
K=
m W‘
ol | | | | | | | | | | |
1 2 3 4 5 6 7 8 9 10 1 12
Month
MJ/m?/day
3
2_
X
2
- 1
whd
©
(V]
L
= 0}
[o}
(7]
A
ol | | | | | | | | | | |

Month
0400000000000 000D000D0DO0DOD0OO0DODOODODOOO0DOODODODOOODOO

0 1650



Air Temperature Air Temperature

Air Temperature

40

30

20

10

-10

40

30

20

10

-10

40

30

20

10

-10

1 2 3 4 5 6 7 & 9 10 1N 1
Month
°c
| | | | | | | | | | | |
1 2 3 4 5 6 7 & 9 10 1 12
Month
°‘c
| | | | | | | | | | | |
1 2 3 4 5 6 7 8 9 10 1M 12

Month

Os500000025mi00M123mb000MO00 16mIOO0OO0O0OOOOOOOOOOOOBO

0 166 O



Groundwater level
|

Month
Jdedd30d0dO0ODO201002Z2mMO0000000OO0OOOOODOOOOOOOOO

Soil temperature

Month
O70040002cmd010cmd50cmd100cmd 000000 OOOOOOOO0O0O

hPa
1030

1020

1010

1000 —|

Atmospheric pressure

990 —

so 1L L

Month
0gsdododopooooooooon

0 1670



Dewpoint Temperature

Dewpoint Temperature

Dewpoint Temperature

30

20

10

-10

-20

-30

-20

-30

5 6 17 8 9 10 11 12
Month
3ou
201
ol I
0,
-10
-20
20 [ O O B I B
5 6 17 8 9 10 11 12
Month
20
20
10
0
-10

Month

ooboboO0O0OOO02e5mb0O0@MmI23miO00O0016mO0000O00OO0OOOOOOOOOODOOO

0 1680



Precipitation

Evapotranspiration

100 -

90
80
70
60
50
40 -
30

20 -

10

1 2 3 4 5 6 7 8 g 10 1 12

Month
g1o00000000000

mm
10 —

01no0ooobooooooo

0 1690



ITEM WIND DIRECTION (30.5 m HEIGHT)
INSTRUMENT SONIC ANEMOMETER (WA-200)

UNIT MONTHLY FREQUENCY
YEAR 2002
MONTH 1 2 3 4 5 6 7 8 9 10 11 12
N 25 5 2 0 11 14 13 6 17 25 28 26
NNE 20 6 4 2 8 11 12 6 33 11 13 11
NE 20 56 35 20 16 25 21 27 36 42 21 6
ENE 34 152 87 97 79 1 A 134 141 82 35 17
E 47 127 199 171 181 165 135 150 139 79 38 53
ESE 16 68 140 146 125 78 97 39 72 33 29 27
SE 12 50 120 119 79 44 36 27 25 13 16 15
SSE 12 28 60 80 58 32 48 7 8 7 14 13
S 15 13 53 62 83 30 140 17 12 14 18 17
SSw 14 7 33 19 26 25 63 5 10 15 17 15
SW 22 9 6 4 18 17 22 9 13 19 22 41
WSwW 41 11 2 0 8 12 15 8 10 23 36 47
w 81 27 2 0 11 17 16 13 18 51 67 95
WNW 160 41 0 0 8 40 16 13 35 90 140 180
NW 116 43 0 0 11 30 25 9 55 79 115 114
NNW 61 27 0 0 12 35 13 10 24 35 63 67
NO DATA 48 2 1 0 10 74 1 264 72 126 48 0
ITEM WIND SPEED (1.6 m HEIGHT)
INSTRUMENT  SONIC ANEMOMETER-THERMOMETER (DAT-300)
UNIT (m/s)
YEAR 2002
MONTH 1 2 3 4 5 6 7 8 9 10 11 12
1 0.3 0.5 0.9 0.9 05 0.7 0.9 *okok 0.9 1.4 0.3 1.0
2 05 0.5 0.9 0.8 0.8 0.7 1.1 0.6 0.8 0.8 0.7 0.5
3 0.9 0.6 1.2 1.2 1.1 0.8 1.1 1.0 05 0.3 04 0.3
4 04 0.8 0.6 34 1.6 0.5 1.0 0.8 0.9 04 0.5 04
5 05 0.4 05 1.7 0.8 0.6 0.8 05 1.3 0.7 04 0.3
6 0.3 0.5 1.5 0.6 0.7 0.7 1.6 0.6 0.8 0.6 0.5 0.6
7 0.2 0.6 1.0 0.6 05 0.7 1.4 0.6 0.7 14 0.3 0.6
8 0.6 0.5 0.9 0.6 0.8 1.0 0.8 1.0 0.6 04 0.3 0.9
9 0.8 1.4 1.0 1.1 1.3 0.6 1.2 1.0 0.6 0.5 0.9 0.6
10 0.6 0.6 0.9 09 1.3 0.6 1.6 1.1 0.7 04 0.5 05
11 0.8 0.7 1.2 0.6 1.2 1.1 1.5 11 0.6 05 0.4 0.5
12 0.6 0.9 1.0 0.9 0.8 1.3 1.2 1.5 0.7 04 0.4 0.4
13 04 038 0.9 0.6 0.6 0.6 05 0.8 1.0 0.5 0.5 05
14 0.7 0.6 11 0.7 0.8 0.9 1.2 11 0.4 05 0.4 0.3
15 05 0.7 1.3 1.2 1.0 1.0 14 14 0.4 1.1 05 0.4
16 1.9 0.6 1.1 2.7 1.2 05 1.3 1.3 03 0.6 09 04
17 0.8 0.4 1.1 2.6 0.8 0.7 0.7 1.2 0.4 0.6 0.6 1.1
18 0.4 1.4 1.2 0.8 0.6 0.7 1.1 11 0.4 0.3 0.6 0.5
19 03 15 15 05 0.7 0.6 1.7 1.6 05 *okk 0.4 0.7
20 0.8 0.8 1.6 0.5 0.9 0.9 0.8 09 0.6 *okk 04 05
21 1.2 0.6 2.1 0.6 0.6 1.5 038 05 0.6 0.7 05 0.6
22 0.8 09 20 2.1 0.6 1.7 0.8 0.7 09 0.7 0.7 1.0
23 0.7 1.0 0. 1.1 0.6 1.1 0.9 0.8 0.4 0.6 0.6 0.6
24 0.6 1.1 11 0.7 0.6 0.8 1.5 0.7 0.5 0.5 0.7 04
25 0.7 1.2 0.8 09 0.9 1.4 0.9 0.6 05 04 05 0.9
26 0.6 1.0 0.6 1.7 0.7 1.3 0.8 1.0 0.7 05 0.8 *okk
27 23 1.1 0.6 1.2 0.7 1.0 0.9 0.8 0.3 04 0.6 *okok
28 1.7 0.7 0.8 0.6 04 09 1.5 09 0.4 05 1.0 04
29 0.8 we 0.9 0.6 0.6 1.0 05 0.7 0.5 0.5 0.3 11
30 0.7 e 1.3 1.0 0.8 1.0 04 0.8 0.5 0.5 0.6 0.3
31 0.9 1.7 1.0 0.6 0.9 0.5 1.1
MEAN 0.8 0.8 1.1 1.1 0.8 0.9 1.0 0.9 0.6 0.6 0.5 0.6
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ITEM WIND SPEED (29.5 m HEIGHT)
INSTRUMENT ~ SONIC ANEMOMETER-THERMOMETER (DAT-300)
UNIT (m/s)
YEAR 2002
MONTH 1 2 3 7 5 6 7 3 9 10 11 12
1 2.3 20 20 23 238 6 2.2 ok 28 18 17 33
2 2.7 1.7 23 23 2.9 22 2.7 1.9 24 32 38 2.1
3 5.1 22 26 23 2.9 35 2.8 238 1.9 15 22 19
4 2.6 20 16 58 45 17 2.6 20 26 18 2.0 19
5 34 1.6 13 3.9 32 3.1 2.0 15 3.9 25 2.1 18
6 25 1.6 32 3.1 36 2.8 5.0 18 26 2.0 22 22
7 1.7 26 32 1.7 18 2.0 44 1.9 22 52 19 2.1
8 35 1.9 34 16 35 32 2.3 32 16 15 1.7 2.9
9 5.4 42 2.8 49 4.1 2.7 32 34 18 19 47 2.8
10 3.0 18 22 28 32 22 45 37 22 15 2.9 1.9
11 33 24 34 25 2.8 33 49 33 22 22 24 1.8
12 22 38 23 25 34 41 33 42 25 2.0 2.1 20
13 11 2.0 3.0 23 25 1.7 1.8 2.1 3.1 25 25 20
14 22 2.1 28 2.0 30 2.8 41 32 1.7 2.1 22 1.3
15 2.0 2.1 38 32 3.9 2.9 41 42 11 4.1 2.3 1.9
16 40 22 32 9.2 36 1.6 42 3.7 14 2.9 3.1 1.7
17 2.1 1.2 3.0 9.3 24 2.1 23 33 16 24 22 52
18 1.3 40 37 2.9 1.7 25 32 3.1 15 14 2.9 2.0
19 1.2 6.3 44 25 23 2.0 53 48 20 ook 15 1.8
20 22 33 5.1 23 34 2.8 23 3.9 20 ook 1.6 1.9
21 34 18 5.4 24 23 39 2.1 20 20 30 1.9 2.0
22 32 22 45 38 1.6 44 2.1 22 3.1 25 2.7 2.1
23 30 26 20 35 1.7 26 26 25 18 24 2.1 1.8
24 25 25 33 23 23 2.1 40 2.1 1.7 2.0 25 1.3
25 28 26 23 2.7 30 36 25 1.9 2.1 1.7 2.6 2.9
26 1.7 23 19 36 1.6 32 23 29 28 25 38 ook
27 74 25 22 36 24 25 26 22 15 19 30 ook
28 65 16 23 2.6 24 24 41 25 1.7 27 49 16
29 34 .. 26 24 1.7 2.7 1.3 23 2.1 2.6 1.9 42
30 25 36 34 18 2.8 13 24 2.1 25 2.4 1.2
31 36 3.8 35 2.0 2.9 2.1 25
MEAN 3.0 25 3.0 33 2.8 2.7 3.0 2.8 2.1 2.5 25 2.2
ITEM MOMENTUM FLUX (1.6 m HEIGHT)
INSTRUMENT ~ SONIC ANEMOMETER-THERMOMETER (DAT-300)
UNIT X0.1(m/s)?
YEAR 2002
MONTH 1 2 3 4 5 6 7 8 9 10 11 12
T 0233 0067 -0.161 -0.176 -0045 0255 -0314 w0633  -2081 0102  -0.708
2 -0455 -0057 -0.131 *k -0095 -0117 -0508 -0260 -0535 -0611 -0611 -0273
3  -1048 -0078 -0.236 *k -0295 -0173 -0539 -0679 -0298 -0.134 -0257 -0.158
4 -0326 -0.104 -0072 -0903 -0552 -0.150 -0643 -0.365 -0575 -0.175 -0286  —0.241
5 -0413 -0060 -0050 -0.377 -0.108 -0.187 -0.307 -0214 -1114 -0548 -0227 -0.212
6 -0259 -0069 -0366 -0013 -0061 -0271 -1749 -0293 -0451 -0331 -0284 0334
7 -0123 -0.159 -0.237 -0087 -0083 -0292 -1.354 -0375 -0345 -1724 -0.101 0315
8 -0600 -0.066 -0.258 -0.040 -0.101 -0683 -0.387 -0936 -0.291 -0.160 -0.123  -0.590
9 -1067 -0394 -0243 -0293 -0223 -0344 -0766 -1.041 -0290 -0258 -0.760  -0.257
10 -0469 -0089 -0259 -0.143 -0216 -0295 -0919 -1108 -0.376 -0206 -0.360 -0.133
11 shk 0,147 *kk -0056 -0.245 0805 -1.267 -0.895 -0.369 -0.322 -0.284 -0.154
12 sk -0.330 w0k 0139 -0109 -0.663 -0.656 -1.163 -0580 -0.266 -0.245 -0.159
13 sk -0.109 w0k -0028 -0081 -0094 -0206 -0445 -0722 -0.356 -0.292 -0.194
14 w0k 0126 -0.169  -0059 -0.168 -0430 -1.297 -0.805 -0.156 -0.263 -0256 -0.135
15 w0k -0089 -0317 -0223 -0.163 -0405 -1.180 -1.328 -0.127 -1255 -0302 -0.126
16 -0.263 -0096 -0.101 -0918 -0203 -0.156 -1.190 -1055 -0.074 -0459 -0.767 -0.154
17 -0089 -0041 -0200 -0930 -0.191 -0262 -0.308 -0.761 -0.125 -0471 -0367 -1.234
18 -0045 -0451 -0254 -0016 -0.132 -0274 -0926 -0.688 -0.144 -0.128 -0418 -0.135
19 wok -0797  -0449  -0034 0562 -0271 -1801 -1.324 -0.262 *kk 0183 -0.091
20 wok -0215  -0921  -0.011 sk —0371 -0516 -0560 -0.316 *k 0146 -0.071
21 w0k -0090 -0811  -0.005 w0k -1049  -0495 -0255 0316 -0323 -0209  -0.303
22 -0192 -0.127 -0074  -0.303 w0k -1186  -0428 -0416 -0684 -0486 -0483  -0.123
23 -0164 -0.178 -0035 -0.104 w0k -0432 -0525 -0.377 -0.158 -0352 0417  -0.081
24 -0109 -0211 -0244  -0.093 w0k -0344 -1085 -0.339 -0284 -0230 -0.501  -0.050
25 -0205 -0.156 0038 -0093 -0498 -0667 -0468 -0.304 -0287 -0171 -0270 -0.192
26 -0092 -0.160 -0147 -0265 -0260 -0576 -0521 -0652 -0545 -0.169  -0.830 ok
27 -1001 -0.149 -0106 -0.177 -0333 -0412 -0605 -0400 -0.109 -0.196  -0.349 ok
28 -0917 -0077 -0124 -0069 -0.104 -0423 -1078 -0486 -0.185 sk —1.188  —0.049
29 -0.201 . -0008 -0.128 -0212 -0472 -0.164 -0437 -0217 sk -0170 -0.198
30 0125 -0293 -0263 -0333 -0479 -0.135 -0512 -0286 -0271 -0363 -0.081
31 -0.279 - -0.063 --- 0628 --- -0295  -0.688 - -0.352 -0.151
MEAN —0.377 __0.168 0225 0212 0231 0418 _ -0.730 __—0.639 _ 0362 _ 0455 0372 _ —0.238
0 1710



ITEM MOMENTUM FLUX (29.5 m HEIGHT)

INSTRUMENT ~ SONIC ANEMOMETER-THERMOMETER (DAT-300)

UNIT X0.1 (m/s)?

YEAR 2002

MONTH [ 2 3 ! 5 6 7 8 9 10 1 12
T 0460 0576 0801 -0909 1251 0614 —3.153 ¥k% 1238 5255 0346  —1.807
2 -1746 -0315 -1.252 wk -1.307  -0.821 -0955 0849 -1.186 -1454 -2711  -0.803
3 -3821 -0902 -1.072 *k -1816 -1.776 -1075 1439 0502 -0.307 -0.651 -0.315
4 -0703 -0648 -0730 -10276 -2927 0578 -1296 -0.785 -0908 -0472 -0.724  -0.672
5 -1630 -0307 -0232 -4082 -1.707 -1771 -0672 -0481 -2008 -0942 -0829 -0.233
6 -0830 -1592 -1.749 1791 -2284 -1204 -3324 -0606 -1.208 -0.602 -0.856  —0.661
7 -0231 -1322 -2338 -0585 -0.742 -0.653 -2.980 -0.814 -2436 -3969 -0.236 —0.846
8 -2338 0596 -2494 0724 -1970 -1595 -0.694 -1937 -0524 0347 0275 -1.374
9 -4214 -3469 -1240 -3.113 -2430 -1917 -1818 -2029 -0614 0528 -4.176 -2.890
10 -1204 -0630 -0842 -1216 -1.663 -0.887 -3.142 -2069 -0.903 -0.736 -1.244 -0532
11 whk —1.221 sk -1.169  -2.150 -1.981  -5199 -1.700 -0.933 -0.791 -0.673  -0.324
12 sk —2.837 Wk —1221  -2073  -2244 1443 2229 -1.184 -0474 -0664  -0.379
13 sk 0723 sk -1292  -0947  -0.449 0611 -0920 -1457 -0990 -1.276 0610
14 sk -1127  -1271  -0655 -1.960 -1.203 -3891 -1.381 -0535 -0.365 -0.673 -0.208
15 sk -0.894  -2748  -2206 -2673 1295 -2458 -2.231  -0.293 -2484  -0.967  -0.231
16 -2849 -0.784 -1516 -7.709 -2.218 -0490 -3597 -1990 -0449 -2057 -1917 -0218
17 -0527 -0.178 -1703 -7978 -1.086 -0556 -0.807 -1552 -0.614 -0.803 -1.123  -4.554
18 -0245 -3491 -3100 -1205 -0.690 -3014 -1.801 -1.649 -0330 -0.345 -1.387 -0.385
19 sk -6938  -3079 -1258 1511 -0.790 -3858 -3593 -0.545 wok —0297  -0.374
20 wk -1983  -5520  -0.797 w0k -1030 -0940 -2971  -0523 w0k -0398  -0.206
21 sk -0482  -6.136  -0.792 w0k -3190 -0830 0623 -0797 -2111 -0538  -2.089
22 -1863 0618 -2.899 -2617 *k%  -2505 -0.854 0945 -2117 -1274 -1144  -2.698
23 -1203 -1.302 0973 -1562 *k%  -0933 -1.162 0900 -0571 -0610 -1087  -0.429
24 -0821 -1.191 -2016 -1.126 #k%  -0730 -2351 0701 -0418 -0636 -1506 -0.195
25 1539 -0920 -0.845 1090 -1739 -1931 -1011 -0715 -0720 -0512 -1.095  —1.001
26 -0814 -0.829 0690 -2381 -1029 -1520 1122 -1257 -1.112 -0985  -2.867 ook
27 -9202 0795 1055 -2480 -1.865 -1.196 -1086 -0.697 -0.262 -0599  —1.643 —
28 -7.876 0355 1333 -1217 -0967 -1019 -2475 -1.193  -0.660 wkk —4289  —0.251
29 -1.966 <e 1644 1186 0771 -1010 -0.182 -0697 -0.542 w6k -0367  -3.133
30 -0.926 -3905 -1.905 -0.785 -1.167 -0306 -0.870 -0.650 -1.139 -0.808  -0.165
31 -2.456 cee 22107 e 2281 <o 0521 -1.276 <s 0678 cs 1135

MEAN —2.151 1322 1975 2305 _—1.648 _ —1339 _ —1.794 _ —1.3/0 _ —08/5 _ —1.165 1226 _ -0.990

ITEM SENSIBLE HEAT FLUX (1.6 m HEIGHT)

INSTRUMENT ~ SONIC ANEMOMETER-THERMOMETER (DAT-300)

UNIT (x0.1°Cm/s)

YEAR 2002

MONTH 1 2 3 ! 5 6 7 3 9 10 11 12
1 0.26 0.26 0.18 037 0.07 0.15 0.03 ok 016 026 003 _ —0.19
2 -002 0.20 0.17 sokok 0.41 0.09 0.21 0.09 018  -003 0.12 0.15
3 008  -005 0.32 — 0.38 0.13 0.13 0.31 0.08 0.13 0.29 0.20
4 0.26 0.04 0.40 0.29 0.22 0.19 0.28 0.14 0.06 0.16 0.28 0.00
5 0.03 0.06 0.13 0.34 0.34 0.16 0.13 0.17 0.28 0.02 025  -002
6 0.25 0.16 0.06 043 0.32 026  -0.06 013  -004 0.08 0.17 0.05
7 008  -0.11 0.27 012  -001 0.26 0.07 013  -003  -0.18 001  -006
8 0.03 0.18 0.41 0.19 0.15 0.19 0.14 0.19 007  -008 006  -0.09
9 0.04 0.13 0.43 0.09 0.04 0.26 0.06 026  -0.04 002  -009 0.05
10 0.13 0.03 0.33 0.07 0.03 002  -0.08 0.23 0.06 0.21 0.17 0.05
1 ook 0.29 ook 0.25 0.10 011 -0.05 0.30 0.19 0.20 027 0.20
12 —_— 0.32 _— 0.02 0.33 0.02 0.06 0.30 0.15 0.22 0.06 0.17
13 ok 0.18 Tk 0.31 0.08 0.01 0.07 0.13 0.01 0.17 0.11 0.15
14 — 0.28 0.36 037 038  -002  -0.10 014  -0.06 0.12 0.32 0.26
15 — 018  -0.18 023 0.33 007  -0.03 0.24 001  -0.12 0.02 0.12
16 -001 033  -003 0.24 0.20 005  -0.14 019  -0.01 017  -003 0.17
17 -005 0.10 0.26 0.18 0.06 010  -0.01 0.17 0.00 0.00 0.10 0.02
18 014  -0.04 0.17 025 006  -0.04 0.07 0.01 0.18 0.04 0.18 0.08
19 ook 0.29 032 0.35 0.40 019  -0.11 -0.08 0.14 Hokok 018  -001
20 Hook 0.34 0.42 0.26 *kk -0.03 0.11 0.13 0.18 Hokok 0.04 0.01
21 _— 0.26 0.18 0.00 Fokk 0.28 0.13 027 008  -0.12 005  -0.10
22 0.06 0.13 0.05 0.01 ok 0.23 0.02 020  -0.16 014 006 0.01
23 0.11 023 0.02 0.29 Hokk 0.07 008 007 0.04 0.03 0.10 0.11
24 0.20 0.26 035 0.36 ok 0.16 0.26 0.17 026 007 0.06 0.02
25 027 0.24 040  -002 0.37 0.04 0.04 0.11 0.19 014  -006 0.04
26 0.07 0.15 0.08 0.21 0.32 0.08 0.19 0.26 004  -003 0.01 ook
27 -032 011 -005 0.45 0.20 0.02 0.15 015 004 0.21 0.08 ook
28 008  -001 0.31 0.49 0.25 0.19 010  -0.02 0.01 ook 0.11 0.19
29 0.14 -ee 006 0.49 0.25 0.17 0.12 0.16 0.08 ook 024  -001
30 0.16 0.21 0.04 0.12 0.11 0.11 016  -0.15 0.19 0.00 0.17
31 0.24 0.17 0.08 0.11 0.15 0.20 - 0.10

MEAN 0.10 0.16 0.20 0.24 0.21 0.12 0.07 0.16 0.06 0.06 0.10 0.06

0 1720



ITEM SENSIBLE HEAT FLUX (29.5 m HEIGHT)
INSTRUMENT ~ SONIC ANEMOMETER-THERMOMETER (DAT-300)

UNIT (x0.1°Cm/s)
YEAR 2002
MONTH 1 2 3 4 5 6 7 8 9 10 11 12
1 0.18 0.29 0.29 0.49 0.13 0.34 -0.01 Fokok 0.24 -0.18 -0.06 -0.15
2 0.03 0.21 0.20 Fokok 0.63 0.29 0.22 0.11 0.26 0.06 0.12 0.12
3 0.05 -0.15 0.45 Fokok 0.54 0.44 0.15 0.48 0.15 0.16 0.21 0.13
4 0.18 0.08 0.43 1.07 0.25 0.34 0.40 0.18 0.18 0.18 0.25 -0.05
5 -0.01 0.04 0.15 0.73 0.47 0.39 0.17 0.18 0.42 0.15 0.28 0.03
6 0.19 0.20 0.14 0.59 0.60 0.54 0.10 0.16 -0.09 0.10 0.20 0.07
7 0.04 -0.14 0.33 0.13 -0.03 0.42 0.23 0.24 -0.08 -0.12 -0.02 -0.04
8 0.04 0.14 0.58 0.28 0.20 0.40 0.28 0.33 0.10 -0.06 0.04 -0.05
9 0.01 0.24 0.48 0.27 0.12 0.53 0.16 0.34 -0.05 0.01 0.04 -0.09
10 0.06 0.05 0.45 0.1 -0.01 0.18 -0.19 0.36 0.08 0.29 0.21 0.00
1 ok 0.37 *okok 0.36 0.12 0.23 0.14 043 0.24 0.29 0.23 0.12
12 Fokok 0.39 *okok 0.02 0.57 0.08 0.32 0.44 0.22 0.21 0.00 0.12
13 Fokok 0.25 *okok 0.49 0.12 0.00 0.06 0.23 0.05 0.18 0.01 0.09
14 *okok 0.34 0.44 0.48 0.60 0.02 0.18 0.24 -0.10 0.17 0.24 0.25
15 Fokok 0.24 -0.12 0.36 0.58 0.07 0.14 0.31 0.01 0.00 0.07 0.05
16 0.04 0.36 0.06 0.29 0.39 0.07 -0.14 0.26 -0.05 0.17 -0.02 0.14
17 -0.03 0.07 0.27 0.28 0.08 0.16 0.03 0.26 -0.05 0.13 0.08 0.04
18 0.16 0.13 0.25 0.40 0.03 -0.04 0.20 0.04 0.20 0.04 0.13 0.03
19 Fokok 0.43 0.45 0.53 0.31 0.24 0.05 -0.12 0.19 *kk 0.16 -0.03
20 ook 0.37 0.70 0.42 Fokok 0.00 0.24 0.19 0.22 dokok 0.02 0.04
21 ook 0.35 0.32 -0.05 Fokok 0.44 0.26 0.27 0.13 -0.22 0.08 -0.06
22 0.10 0.15 0.18 0.04 Fokok 0.26 0.13 0.36 -0.18 0.12 -0.04 -0.01
23 0.13 0.33 0.08 0.47 Fokok 0.09 0.26 -0.05 -0.01 0.04 0.11 0.11
24 0.23 0.39 0.43 0.54 Fokok 0.20 0.50 0.18 0.23 -0.09 0.06 -0.01
25 0.27 0.31 0.58 0.02 0.52 0.00 0.08 0.19 0.26 0.21 -0.11 -0.01
26 0.06 0.22 0.08 0.36 0.55 0.06 0.31 0.32 0.1 -0.07 -0.01 Fokok
27 -0.40 0.18 -0.11 0.76 0.28 -0.02 0.23 0.21 -0.04 0.1 0.05 Fokok
28 0.15 -0.02 0.45 0.77 0.44 0.29 0.25 0.07 -0.05 Fokok 0.06 0.16
29 0.21 -0.17 0.59 0.39 0.21 0.13 0.26 0.08 ook 0.21 0.03
30 0.18 e 0.31 0.03 0.27 0.12 0.13 0.28 -0.14 0.22 0.08 0.18
31 0.29 e 0.32 . 0.24 e 0.14 0.26 e 0.21 T 0.19
MEAN 0.09 0.21 0.29 0.39 0.32 0.21 0.17 0.23 0.08 0.09 0.09 0.05
ITEM SHORT-WAVE RADIATION (1.5 m HEIGHT)
INSTRUMENT PYRANOMETER (GORCYNSKI TYPE)(MS-43F)
UNIT (MJ/m2/DAY)
YEAR 2002
MONTH 1 2 3 4 5 6 7 8 9 10 11 12
1 10.4 139 12.2 212 1.9 215 43 dokk 226 3.1 15 1.6
2 5.9 1.9 103 ook 285 21.7 124 183 213 19.3 141 95
3 13 14 15.0 Fokk 25.6 26.1 97 236 17.8 12.8 145 9.0
4 13 88 18.4 05 15.7 212 223 15.1 15.6 16.1 142 14
5 6.6 6.4 72 dokk 256 249 118 219 19.2 15.9 146 78
6 15 12.0 57 21.1 243 28.4 18.9 218 35 122 1.9 17
7 50 54 16.6 100 22 26.6 222 23.9 42 9.7 40 1.2
8 8.7 124 19.6 129 104 255 247 25.7 93 4.1 6.3 26
9 1.1 144 18.8 6.5 6.6 28.4 182 245 26 76 107 29
10 10.6 4.7 183 79 6.4 18.1 4.1 25.1 124 174 13.6 15
1 Fokok 15.0 180 137 10.2 14.6 26.2 25.8 202 17.3 12.7 1.1
12 dokk 16.1 *kk 6.6 18.9 35 275 16.2 19.2 17.6 5.6 10.2
13 ook 129 sokk 18.9 6.1 3.9 14.6 19.2 83 180 1.2 10.0
14 sokok 15.7 173 209 254 40 239 21.0 27 16.4 12.6 109
15 sdokok 143 6.7 203 238 72 15.4 222 37 14.1 6.5 73
16 3.6 16.2 103 173 145 16 95 12.6 23 171 34 8.6
17 28 6.8 148 134 11 13.6 132 15.6 24 15.8 49 10.5
18 1.9 109 16.1 15.9 59 16 225 6.9 175 5.6 11.6 50
19 dokok 16.5 20.1 234 21.3 28.7 19.0 6.3 19.0 Fokok 8.6 2.7
20 Fokok 172 214 18.1 Hdok 10.2 26.0 244 215 Aokok 28 5.6
21 Fokk 16.2 135 48 *okok 26.5 25.8 26.0 15.7 14 6.7 05
22 13 120 80 9.7 Fokok 15.0 19.2 220 5.1 147 20 43
23 12.7 14.8 73 226 Fokok 6.4 19.0 48 82 9.0 52 89
24 13.1 16.0 19.7 23.2 Fkok 18.2 240 15.3 185 24 5.4 2.1
25 13.6 15.7 18.8 6.3 28.1 6.4 9.2 16.5 18.3 137 15 15
26 6.2 98 52 12.8 217 82 25.7 208 145 18 85 Fk
27 43 9.1 2.1 258 17.8 6.0 224 17.0 4.7 145 109 *okok
28 134 25 230 263 28.6 195 148 15.1 24 *kk 120 9.1
29 133 ree 20 26.6 224 137 13.1 218 10.8 *kK 109 10.7
30 136 e 18.7 6.6 20.6 12.1 17.9 21.9 22 15.4 15 10.2
31 14.1 11.7 17.1 221 22.9 129 9.8
MEAN Ak 11.8 13.7 15.3 17.4 15.6 18.1 19.1 11.5 12.1 8.5 6.8
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ITEM NET RADIATION (1.5 m HEIGHT)
INSTRUMENT ~ NET RADIOMETER (MIDDLTON TYPE)(CN-11)
UNIT (MJ/m?/DAY)
YEAR 2002
MONTH 1 2 3 4 5 6 7 8 9 10 11 12
1 24 46 6.3 10.9 o 128 32 otk 152 26 05 -0.1
2 0.3 39 46 Horok Hohok 12.9 958 12.9 148 6.1 49 33
3 -0.1 0.2 6.5 ook *orok 15.2 73 16.8 12.1 6.2 46 33
4 18 3.9 7.2 121 ook 12.9 16.4 1.1 104 6.1 44 1.0
5 0.2 27 34 *okk *okk 16.0 89 158 13.2 7.8 55 0.0
6 18 54 34 ok ok 16.8 128 15.0 28 73 47 -14
7 1.1 -0.3 7.2 Korok sokk 156 155 16.3 30 38 1.8 -07
8 29 37 71 ok ok 148 173 175 7.2 2.2 25 -04
9 16 4.2 75 ok Hokk 16.4 133 175 1.7 43 2.7 -19
10 29 0.2 8.0 Kook ok 101 34 17.7 9.0 85 50 -06
1 sohok 5.9 7.2 ok Hokk 101 19.7 18.1 139 8.7 5.7 -2.6
12 sokok 50 Hokok ook Hokok 29 183 127 14.0 8.8 28 -2.3
13 sokok 38 Hokok ook Hokok 28 9.7 138 6.3 9.2 26 -33
14 sokok 54 71 ook Hokok 2.7 16.6 145 15 75 25 -32
15 sokok 3.7 1.7 ook 144 55 1.3 159 24 59 24 0.1
16 19 5.4 16 ook 95 47 59 10.0 15 8.2 0.9 12
17 0.6 24 5.9 ook 53 8.6 8.6 1.3 1.7 75 2.7 37
18 44 29 5.4 ook 4.1 0.7 16.0 55 1.2 29 14 12
19 sokok 45 6.7 ook 14.0 18.6 135 47 1.7 ook 29 1.1
20 sokok 56 73 ook Hohok 6.1 176 16.1 128 ook 1.6 0.3
21 sokok 6.0 5.2 ook Hohok 183 183 16.1 9.9 0.4 1.8 0.2
22 47 3.1 3.2 ook Hohok 10.8 136 147 36 72 -0.2 -0.6
23 24 5.4 26 Hohok Hohok 43 137 32 54 5.1 33 -18
24 34 5.2 8.1 Hohok Hohok 1.7 173 106 1.7 1.0 2.1 -14
25 39 50 8.3 ook 15.6 46 6.6 1.1 15 6.4 1.0 -18
26 16 33 28 Hohok 15.6 5.9 18.6 14.9 8.9 1.1 -23 ko
27 0.4 33 08 Hohok 1141 45 155 126 24 6.1 -5.0 ook
28 3.1 1.1 121 Hohok 173 133 15 104 2.2 soksk 0.4 2.7
29 3.1 e 1.1 ok 136 9.8 95 153 76 soksk 30 26
30 3.2 .- 1.2 okok 1.7 9.0 1.8 152 1.6 55 13 2.1
31 4.0 6.3 10.0 16.1 15.6 6.4 35
MEAN 2.2 38 57 115 11.9 9.9 12.8 134 7.7 57 2.3 0.1
ITEM SOIL HEAT FLUX (0.02m DEPTH)
INSTRUMENT ~ SOIL HEAT FLUX METER (CN-81)
UNIT (MJ/m2/DAY)
YEAR 2002
MONTH 1 2 3 4 5 6 7 8 9 10 11 12
1 -080  -060 0.90 0.80 0.80 0.80 0.50 orok 0.30 040  -060 020
2 -080  -050 0.50 1.00 0.40 0.80 0.70 0.30 0.30 030 -120  -040
3  -070 -030  -0.10 1.20 0.70 0.60 0.50 0.30 0.20 000 -140  -100
4 -070 0.30 0.00 0.50 0.90 0.60 1.00 0.40 020 -010 -150  -0.20
5 -0.70 000  -020 Hohok 1.60 050 0.70 0.60 000 -030 -160  -0.40
6 -0.70 0.30 0.40 0.00 0.30 0.40 0.90 050 -020 -010 -150  -0.30
7 080  -050  -020 050  -0.10 050 1.00 0.40 0.00 060 -120  -0.80
8 030 -040  -0.60 1.40 0.70 0.70 1.00 0.40 000 -030 -080  -0.70
9 060 -040  -0.30 0.30 0.00 0.40 0.70 040 -020 -050 -080  -1.40
10 -050  -0.80 0.10 0.10 0.00 0.00 0.60 040 010 -070 -120  -120
11 -040  -0.80 0.30 0.60 0.60 0.70 1.00 0.30 020 -150 -080  -1.60
12 -040  -090 okok 0.20 080  -0.10 050  -0.10 030 -110  -030  -160
13  -060  -050 Hohok 0.10 0.00 0.10 0.50 040 -030 -070  -060  -1.40
14 -040  -050 0.40 0.80 1.20 0.10 0.90 040 -090 -040  -120  -150
15 000  -060 0.90 1.00 0.80 0.30 0.60 040  -060 020 -070  -140
16 020 050 0.20 1.30 0.10 050 0.40 000 -050 -050 -040  -120
17 -020 0.00 0.40 130 -0.20 050 050 010  -030 -050 -040  -0.20
18 -070  -0.10 0.40 0.50 0.30 0.00 0.80 000 -030 -010  -020  -0.90
19 -1.10  -060 0.10 0.50 1.10 0.50 0.80 030  -090 sk 090  -0.40
20 -040  -050 0.30 0.40 0.40 0.30 0.70 000  -0.70 sk 040 060
21 0.60 0.00 0.30 0.10 0.90 0.80 060 -060 -040 -070 -050  -0.70
22 0.20 0.40 0.40 0.50 070  -0.20 070 -040  -040  -0.40  -0.80 0.00
23 -1.10 020  -0.10 0.70 070  -040 050 -030 -040  -060 040  -0.80
24 -100 0.30 0.00 0.90 050 0.20 0.30 030 -070 -070  -0.10  -0.40
25  -1.10 000  -0.10 0.10 050  -0.20 0.30 030 -080 -050 -0.10  -0.60
26 -1.00 0.20 000  -0.10 040  -0.10 0.80 020 -060 -070  -0.30 0.30
27 0.50 0.30 0.20 0.10 030  -0.10 0.50 050 -060 -050 -120  -1.00
28 -040 0.40 0.20 0.00 0.70 050  -0.20 050 -020 -120 -110  -120
29 -090 .. 0.30 0.40 0.60 0.40 0.30 0.30 040 -150 -150  -1.10
30 -0.80 1.60 0.50 0.70 0.70 0.40 0.30 000 -140  -060  -1.00
31 -0.90 e 0.80 .- 0.60 - 0.50 0.30 -e-  -1.10 - -080
MEAN 053 —0.22 0.24 0.54 0.55 0.33 061 023 024 050 _ —081 -0.80
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ITEM SUNSHINE DURATION (9.0 m HEIGHT)
INSTRUMENT ~ SUNSHINE RECORDER (MS-091)

UNIT (min)
YEAR 2002
MONTH 1 2 3 4 5 6 7 8 9 10 11 12
1 490 552 226 606 26 396 0 Folok 662 8 0 0
2 110 430 176 sofok 749 500 23 409 590 634 528 380
3 542 0 395 otk 675 619 0 521 518 203 534 258
4 538 130 610 623 144 448 430 157 392 490 543 0
5 291 1 24 683 638 637 20 467 389 582 562 232
6 523 364 26 466 476 781 222 583 0 262 454 245
7 105 122 466 127 0 748 391 691 4 172 10 0
8 337 315 618 174 68 639 574 761 64 0 217 0
9 547 547 620 4 0 695 301 719 0 55 432 0
10 531 47 605 1 0 153 0 736 116 579 583 273
1 ook 512 618 208 16 140 557 715 604 595 554 532
12 sk 581 490 0 259 0 767 152 526 614 104 501
13 ook 374 655 453 0 0 164 374 27 613 464 413
14 sokok 557 505 480 587 0 587 515 0 595 550 543
15 sokok 473 109 452 414 5 216 521 0 436 67 317
16 0 559 85 307 65 0 225 58 0 606 5 418
17 0 5 403 109 0 14 179 174 0 545 2 501
18 533 254 4217 159 0 0 480 2 394 31 481 190
19 Fokok 593 629 610 385 722 356 0 498 Hokok 205 0
20 *kk 587 664 266 *kk 14 744 627 685 *okk 0 183
21 *okok 521 349 0 *okok 602 722 732 4217 0 94 0
22 391 421 43 0 *okok 109 369 473 0 460 0 7
23 552 479 120 464 *okok 0 343 0 67 146 11 378
24 566 475 551 515 *okok 216 454 150 501 0 38 0
25 574 511 561 106 698 0 20 311 558 503 0 175
26 163 144 1 26 724 0 578 510 392 0 276 dokok
27 86 93 0 640 309 0 500 295 10 433 530 dokok
28 576 0 682 706 772 285 41 281 0 Fokok 556 364
29 567 e 0 713 478 10 80 628 135 Fokok 526 543
30 570 e 479 4 470 29 337 586 0 584 287 515
31 546 e 170 e 222 s 533 646 .. 484 e 448
MEAN 397 345 365 318 314 259 329 426 252 357 287 256
ITEM AIR TEMPERATURE (1.6 m HIGHT)
INSTRUMENT  PT RESISTANCE THERMOMETER (E-731)
UNIT (°c)
YEAR 2002
MONTH 1 2 3 4 5 6 7 8 9 10 11 12
1 -0.3 20 10.8 12.3 16.5 215 209 Fokok 27.7 20.4 10.6 9.3
2 0.3 3.4 11.1 15.9 14.4 19.3 21.2 258 21.7 225 78 15
3 1.5 4.0 49 16.4 16.7 19.6 213 251 272 19.4 5.7 48
4 04 5.7 6.4 144 19.1 2141 240 26.1 272 19.8 46 83
5 0.9 57 6.7 11.6 221 205 240 28.1 245 18.8 3.1 8.4
6 0.1 6.4 9.0 95 15.3 19.6 26.0 28.8 222 19.2 29 8.7
7 -1.4 57 8.3 12.3 13.8 214 26.9 28.6 226 23.1 42 53
8 4.7 54 56 17.8 15.4 23.0 276 28.6 232 18.8 6.9 47
9 33 58 5.8 138 135 221 25.8 28.6 21.6 16.6 7.7 0.9
10 48 13 8.9 11.0 12.7 20.2 248 288 22.7 15.2 5.6 1.4
11 59 1.1 Fokok 12.6 14.6 239 28.1 28.2 24.7 108 7.0 -0.2
12 6.4 1.6 sokok 11.7 145 16.8 255 240 25.7 11.9 9.8 0.0
13 3.6 1.9 sofok 10.1 12.7 17.7 253 27.3 21.3 145 8.8 -0.1
14 40 15 103 12.7 17.4 18.7 28.2 28.0 175 16.3 48 -2.0
15 7.2 23 15.3 17.8 16.4 19.2 26.7 28.0 18.2 20.5 6.8 -1.3
16 8.6 2. 11.6 211 135 204 25.6 244 18.3 16.2 8.6 33
17 44 54 12.3 20.8 129 20.8 255 242 18.9 16.0 8.9 6.3
18 1.8 50 135 145 145 18.5 27.2 23.4 19.5 17.0 1.3 2.7
19 0.3 338 1.3 139 17.8 20.8 279 253 171 ofok 6.3 5.8
20 3.6 5.0 11.9 149 14.1 20.6 277 254 17.8 Fofok 9.1 38
21 9.3 6.4 12.7 143 17.2 215 27.9 20.9 18.7 14.0 8.2 2.6
22 8.7 9.9 12.9 15.6 17.8 16.7 284 21.0 18.6 15.4 6.8 6.1
23 3.6 8.7 74 14.7 18.7 15.4 273 2141 18.0 14.2 8.4 29
24 29 70 8.3 15.9 18.2 18.3 251 241 16.4 13.0 10.6 441
25 1.4 6.3 6.1 14.8 18.7 15.8 25.2 25.0 16.0 14.6 10.4 44
26 1.6 79 85 114 173 15.9 291 24.2 16.6 125 9.8 34
27 8.3 9.3 9.8 10.9 17.0 15.9 28.0 26.3 16.3 13.8 5.6 1.1
28 6.0 9.8 7.6 10.1 171 18.9 235 27.8 175 10.9 58 -1.6
29 25 e 11.3 13.1 18.5 19.1 255 275 21.3 7.3 23 24
30 22 wee 16.3 16.2 20.6 20.9 27.4 27.9 19.6 7.8 7.3 -0.1
31 2.2 13.1 20.6 28.7 27.8 9.3 2.9
MEAN 3.5 5.0 9.9 14.1 16.4 19.5 26.0 26.0 20.8 15.5 7.2 3.4
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ITEM AIR TEMPERATURE (12.3 m HIGHT)
INSTRUMENT  PT RESISTANCE THERMOMETER (E-731)
UNIT (c)
YEAR 2002
MONTH 1 2 3 4 5 6 7 8 9 10 11 12
1 24 2.7 10.3 124 16.4 213 204 Fofok 275 20.0 10.5 8.7
2 1.5 42 10.6 16.1 15.1 221 20.7 25.7 27.8 231 9.7 8.2
3 1.7 3.8 43 16.4 171 20.3 20.9 248 279 210 8.8 7.3
4 34 5.3 6.4 14.0 18.8 213 234 25.5 26.9 213 7.7 8.0
5 2.7 5.6 6.9 113 21.7 20.4 235 28.0 241 19.8 6.2 10.5
6 2.7 7.0 8.3 9.5 151 19.3 255 29.2 21.9 19.8 6.1 8.9
7 0.8 6.3 8.8 11.9 135 21.6 26.6 28.7 22.1 228 59 4.7
8 46 6.9 6.3 175 14.9 230 274 28.9 22.7 191 8.6 4.1
9 44 6.1 7.0 133 13.2 230 254 28.8 21.2 16.9 79 0.3
10 6.0 1.7 9.7 10.5 12.3 21.6 243 28.9 223 16.8 8.0 15
11 71 14 *kk 12.2 14.3 23.7 279 28.1 248 134 8.9 1.1
12 8.3 2.6 *kk 11.7 13.9 16.4 25.3 23.3 259 143 11.7 1.6
13 58 20 *kk 10.3 12.2 17.3 254 26.7 20.9 15.7 10.7 1.8
14 55 25 10.1 125 16.9 18.4 27.8 215 17.3 17.6 8.7 04
15 8.2 29 15.2 17.8 16.0 18.7 26.4 27.3 18.0 20.8 8.3 1.1
16 8.9 338 11.5 20.6 13.1 20.2 258 238 18.0 18.0 78 46
17 4.5 54 124 20.3 12.6 20.8 25.7 23.6 185 16.8 8.3 7.2
18 3.2 4.7 135 14.1 14.4 18.3 27.0 229 205 17.2 11.4 3.4
19 24 3.7 11.1 13.9 175 21.2 275 248 18.4 *xk 7.7 5.7
20 3.9 6.4 11.6 14.9 13.9 20.3 279 254 18.7 *kk 8.9 49
21 9.1 7.6 13.1 14.3 17.3 20.9 27.8 225 19.3 13.9 9.3 2.1
22 9.2 9.9 12.9 15.3 18.5 16.2 28.3 214 18.7 15.4 6.4 5.5
23 4.4 8.6 7.0 14.4 19.1 15.0 26.9 20.8 18.2 14.3 7.6 3.6
24 44 6.5 7.9 15.9 18.9 18.0 245 23.7 17.9 13.0 10.1 3.9
25 3.2 5.7 6.2 14.7 19.7 15.5 246 25.1 17.9 15.1 9.8 4.1
26 1.9 75 79 10.8 18.2 15.5 284 24.1 17.6 12.4 10.0 35
27 7.8 8.9 9.2 10.7 16.9 15.5 276 25.7 17.0 14.6 71 1.6
28 6.1 9.1 78 10.5 17.0 18.4 23.0 274 17.1 12.5 7.2 -0.4
29 2.7 e 10.8 13.5 19.0 18.7 251 279 21.2 10.5 6.0 29
30 3.0 16.0 16.1 20.8 204 28.1 278 19.6 11.0 7.6 1.8
31 2.8 e 12.7 re 20.7 s 29.4 27.6 e 10.5 - 2.9
MEAN 4.6 5.3 9.8 13.9 16.4 194 25.8 25.9 21.0 16.5 8.4 4.0
ITEM AIR TEMPERATURE (29.5 m HIGHT)
INSTRUMENT  PT RESISTANCE THERMOMETER (E-731)
UNIT (c)
YEAR 2002
MONTH 1 2 3 4 5 6 7 8 9 10 11 12
1 3.7 *okk 10.6 8.4 19.9 214 20.5 *okk 278 *kk 10.7 *kk
2 *okk *okk 108 11.6 15.8 222 20.7 259 281 234 Fopok Fokok
3 21 46 4.6 11.3 17.9 20.3 21.0 25.0 283 215 *kk *kk
4 *okok Fokk 6.8 8.8 244 215 234 25.7 2741 218 Fokok Fokok
5 *okk *kepok 7.6 9.3 26.1 205 236 28.2 241 20.2 *kk *okk
6 Fokok Fokok 8.6 73 15.2 19.3 256 29.7 221 203 Fokok Fokok
7 22 72 9.4 10.1 15.5 219 26.7 28.9 223 23.0 *kk *kk
8 Fokok 8.0 6.8 16.2 23.1 232 276 29.2 228 19.4 Fokok Fokok
9 Fokok Fokk 8.0 13.4 20.9 233 255 29.1 213 17.1 Fokok Fokok
10 71 2.3 104 10.7 23.2 222 244 29.2 225 17.2 Fokok Fkok
1 ook 2.1 Fokok 122 235 240 28.1 284 25.1 14.3 Fokok Fkok
12 Fokok 3.3 Fokok 11.8 225 16.3 255 233 26.2 14.8 Fokok Fokok
13 Fokok Fokk Fokok 10.9 22.7 17.3 25.7 26.8 21.1 15.9 Fokok Fokk
14 Fokok Fokk 10.2 12.8 21.7 18.5 28.0 27.7 174 18.3 Fokok Fokok
15 Fokok Fokk 13.1 18.3 19.8 18.7 26.6 274 18.1 Fokok Fkok Fkk
16 fokok 48 6.4 20.6 12.8 203 26.2 238 18.1 Fokok Fokk *okk
17 fokok 6.0 7.8 20.2 14.4 21.0 26.0 23.6 185 17.2 Fokk *okk
18 sokok *ofok 9.0 14.0 16.9 18.5 271 23.0 209 17.3 Fokk *okk
19 fokok 42 5.6 14.0 18.9 21.7 27.7 25.0 18.8 Fokk *okk *okk
20 skoksk sk 6.0 16.2 skokk 205 28.2 25.6 skekok skkok skkk skkk
21 9.2 *efok 9.3 143 *okk 20.9 28.2 230 *efok 139 *okk *okk
22 9.7 10.5 78 21.0 *okk 16.1 28.5 21.7 *efok 15.4 *okk *okk
23 5.5 9.1 0.6 17.3 19.0 14.9 270 20.9 *ekok 143 *okk *okk
24 *efok 7.0 15 16.0 19.0 18.0 245 23.8 *okok 131 *okk *okk
25 *efok 6.1 48 15.0 20.3 154 248 254 *efok *okk *okk *okk
26 2.8 79 83 10.9 18.9 154 28.6 242 Fokok *kk Fokok *okk
27 *kk 9.3 10.4 11.0 17.0 15.5 279 25.8 *kk 17.3 *okk ook
28 *kk 9.6 6.5 10.9 171 183 23.0 27.6 *kk 13.1 *kk ook
29 *kk . 6.0 140 19.3 18.7 253 28.2 *kk 11.0 *kk ook
30 *kk 11.4 241 21.1 20.4 28.6 28.0 *kk 11.8 Fokok Fokok
31 *kk - 7.4 e 20.8 b 29.9 27.8 e 11.4 e il
MEAN 5.3 6.4 7.7 13.8 19.6 19.5 25.9 26.1 22.7 16.8 10.7 ok

0 1760



ITEM SOIL TEMPERATURE (0.02 m DEPTH)
INSTRUMENT  PT RESISTANCE THERMOMETER (E-751)
UNIT (°c)
YEAR 2002
MONTH 1 2 3 4 5 6 7 8 9 10 11 12
1 5.6 46 9.7 14.0 16.8 20.0 217 okok 258 21.7 14.8 10.7
2 5.4 47 10.1 14.4 16.7 20.6 22.1 26.4 256 223 14.4 1.1
3 5.4 52 9.6 15.2 16.6 20.2 218 259 255 220 13.5 10.5
4 5.2 6.1 9.2 15.4 17.2 205 225 26.0 256 215 13.0 10.9
5 5.1 6.4 8.7 14.3 18.6 20.6 227 26.3 25.4 21.2 12.3 1.3
6 50 7.4 9.5 135 18.8 20.3 231 26.4 252 208 11.6 114
7 47 6.8 9.5 13.8 17.3 20.2 236 265 249 218 11.2 1.1
8 5.1 6.3 8.7 15.2 17.6 20.7 241 26.4 245 215 11.6 10.5
9 5.4 6.4 8.2 15.7 17.4 20.9 247 26.4 24.4 208 12.1 9.8
10 5.6 6.1 8.6 145 16.9 19.9 245 26.4 240 204 115 9.2
11 5.1 5.3 9.6 14.3 17.0 20.4 26.4 26.4 242 18.8 1.3 7.9
12 52 5.0 sokok 14.7 17.8 207 26.0 258 248 17.9 11.8 70
13 55 48 kK 14.0 17.4 19.8 254 258 252 17.7 12.2 6.6
14 52 52 10.4 145 18.0 19.8 258 26.2 239 17.8 115 6.1
15 6.3 5.0 115 15.3 18.7 19.9 26.0 26.2 23.1 18.8 1.2 5.6
16 70 49 11.6 16.7 182 207 256 26.1 229 19.2 115 5.6
17 76 54 114 175 17.6 208 254 255 227 18.3 1.8 6.6
18 6.5 6.3 11.7 17.2 17.3 21.1 25.6 251 228 18.7 12.3 6.6
19 5.6 5.8 11.6 16.7 18.4 20.7 25.9 25.3 22.1 Hokk 11.8 6.9
20 55 55 11.6 16.4 18.9 20.9 26.0 25.6 214 Hokk 1.8 7.6
21 7.1 5.7 11.6 16.1 18.9 216 26.2 241 213 18.6 12.0 7.1
22 8.8 6.8 12.2 16.3 19.0 21.4 26.5 23.4 21.7 18.1 115 75
23 7.3 75 11.9 16.5 19.3 20.3 26.3 23.2 216 18.0 1.3 7.6
24 6.0 8.0 1.1 16.8 ook 20.4 26.0 239 21.3 17.6 12.0 7.3
25 5.4 7.8 1.1 17.0 18.9 20.4 257 24.4 205 17.6 12.4 75
26 48 8.1 10.9 16.1 18.9 19.9 26.2 246 203 17.2 12.9 7.3
27 6.3 8.3 11.6 15.7 18.9 19.7 26.5 25.4 19.9 17.3 11.6 6.6
28 6.4 8.9 1.4 15.4 19.1 20.2 257 26.0 202 Hokk 11.0 5.9
29 5.6 e 1.7 15.4 19.2 20.7 252 258 209 sokok 9.9 5.4
30 5.0 13.6 16.1 19.5 215 255 258 21.3 14.6 9.7 5.2
31 4.7 e 14.0 e 19.9 e 258 25.8 e 14.0 e 5.0
MEAN 58 6.2 10.8 155 18.2 205 25.0 25.6 23.1 19.0 11.9 7.9
ITEM SOIL TEMPERATURE (0.10 m DEPTH)
INSTRUMENT  PT RESISTANCE THERMOMETER (E-751)
UNIT (°c)
YEAR 2002
MONTH 1 2 3 4 5 6 7 8 9 10 11 12
1 5.1 43 78 114 14.2 17.6 19.1 kK 239 19.6 14.1 9.7
2 49 42 8.4 1.7 14.4 18.1 19.4 241 238 20.1 14.0 10.0
3 48 45 8.3 12.3 14.3 18.2 19.5 240 238 20.0 134 9.8
4 47 5.0 8.0 12.7 14.7 18.2 19.9 23.9 238 19.9 12.8 9.8
5 46 5.4 78 12.2 15.4 18.4 204 24.1 238 19.7 12.2 9.9
6 44 5.9 8.0 1.7 16.1 18.4 208 24.3 23.3 19.5 11.6 10.0
7 43 5.9 8.2 11.6 15.3 18.4 21.2 24.4 230 19.9 1.1 9.9
8 43 5.6 7.9 12.3 15.1 18.6 215 24.4 229 20.1 1.1 9.5
9 46 5.6 7.4 13.0 15.2 18.9 219 24.4 229 19.7 1.3 9.1
10 46 55 75 125 14.8 18.5 220 245 226 19.3 1.1 8.5
11 45 50 8.1 12.2 14.7 185 23.1 245 226 18.4 10.8 7.7
12 46 47 Hokk 12.4 15.1 18.9 23.1 243 230 17.5 11.0 7.0
13 47 45 Hokk 12.0 15.2 18.3 228 239 23.1 17.2 1.3 6.5
14 45 46 8.4 1241 15.2 18.2 230 24.1 223 171 1.0 6.1
15 5.0 45 8.9 12.7 15.9 18.2 233 24.2 216 175 10.7 5.7
16 55 44 9.4 136 15.9 18.5 231 24.2 213 18.0 10.8 55
17 6.1 46 9.3 14.2 15.5 18.7 231 238 211 175 10.9 5.9
18 5.8 5.2 95 14.4 15.1 18.9 232 235 21.0 17.6 11.2 6.2
19 5.2 5.2 9.6 14.2 15.6 18.6 235 235 20.7 sofok 1.1 6.2
20 48 49 9.6 14.0 16.2 18.9 237 237 20.1 sokok 11.0 6.5
21 54 49 95 13.9 16.2 19.2 238 229 19.9 17.7 1.1 6.3
22 7.0 55 9.9 13.8 16.4 19.3 240 223 20.1 17.2 10.9 6.3
23 6.6 6.1 10.0 14.0 16.7 18.7 241 221 19.9 17.1 10.7 6.6
24 5.7 6.5 95 14.2 sokok 184 240 221 19.8 16.8 11.0 6.4
25 5.2 6.6 9.4 14.5 16.6 184 238 226 19.3 16.7 1.3 6.5
26 47 6.8 9.3 14.0 16.6 18.1 239 228 19.0 16.5 115 6.4
27 49 70 9.5 13.7 16.6 18.0 243 230 18.8 16.3 10.9 6.0
28 55 73 9.5 135 16.6 18.0 240 235 18.7 16.0 10.4 55
29 52 e 9.7 134 16.8 18.4 235 236 19.0 15.3 9.7 5.1
30 47 10.5 13.8 17.0 18.8 236 238 195 14.6 9.3 48
31 44 - 11.3 s 17.4 res 23.8 23.8 e 13.9 ses 46
MEAN 5.0 5.4 9.0 13.1 15.7 18.5 22.6 237 215 17.8 11.3 7.2

g 1770



ITEM SOIL TEMPERATURE (0.50 m DEPTH)
INSTRUMENT  PT RESISTANCE THERMOMETER (E-751)
UNIT (°c)
YEAR 2002
MONTH 1 2 3 4 5 6 7 8 9 10 11 12
1 8.6 7.1 7.8 10.3 13.3 16.0 17.8 okok 223 200 17.0 12.6
2 8.5 70 8.0 10.5 13.4 16.1 17.9 220 223 20.0 16.8 125
3 8.3 70 8.2 10.7 135 16.3 18.1 22.1 223 20.0 16.7 125
4 8.2 70 8.3 10.9 13.6 16.4 18.2 22.1 224 20.1 16.4 12.4
5 8.1 70 8.4 1.1 13.7 16.6 18.3 22.1 224 20.1 16.2 12.3
6 8.0 70 8.5 1.3 13.9 16.7 18.5 222 224 20.0 15.9 12.2
7 7.9 7.2 8.5 1.3 14.1 16.8 18.7 222 224 20.0 15.5 12.2
8 7.8 7.3 8.6 1.3 14.2 16.9 18.9 223 224 20.0 15.2 1241
9 7.1 7.3 8.6 1.4 14.3 17.0 19.1 224 224 20.0 14.9 12.0
10 7.6 7.3 8.6 1.6 14.3 17.1 19.3 224 224 20.0 14.7 11.8
11 7.6 7.3 8.6 1.7 14.3 17.2 20.2 224 223 19.9 14.5 11.6
12 75 72 sokok 1.8 14.3 17.2 203 225 223 19.7 14.3 114
13 75 7.2 sokok 1.8 14.4 17.3 20.4 225 223 19.5 14.2 1.1
14 14 7.1 8.8 1.9 145 17.3 205 224 223 19.2 14.1 10.8
15 75 7.0 8.8 1.9 145 17.3 20.6 224 222 19.0 14.0 10.5
16 75 70 9.0 12.0 14.6 17.3 20.7 225 221 18.9 138 10.2
17 76 6.9 9.2 12.2 14.7 174 208 225 219 18.9 13.7 10.0
18 7.1 6.9 9.3 12.4 14.8 175 209 225 218 18.8 136 9.8
19 7.1 6.9 9.4 12.7 14.8 17.6 21.0 225 216 Kok 136 9.7
20 7.6 6.9 9.5 12.8 15.0 17.7 21.1 224 215 Kk 135 9.6
21 76 7.0 9.6 12.9 15.0 17.7 21.2 224 213 18.7 135 9.5
22 75 7.0 9.7 13.0 15.1 17.8 213 22.3 21.1 18.6 134 9.4
23 7.7 7.0 9.8 13.0 15.2 17.9 215 22.2 21.0 185 134 9.3
24 78 7.1 9.8 131 sokok 17.9 216 220 20.9 18.4 13.3 9.3
25 78 73 9.9 132 15.5 17.9 21.7 21.9 20.7 18.3 13.2 9.2
26 7.7 7.4 9.9 13.3 15.5 178 21.7 21.9 20.6 18.2 13.2 9.2
27 7.1 75 9.9 13.4 15.6 17.8 218 21.9 20.4 18.0 13.2 9.1
28 7.1 7.1 9.9 13.4 15.7 17.7 219 220 20.2 18.0 13.2 9.1
29 7.2 e 9.9 13.3 15.7 17.7 219 220 20.1 17.8 13.0 8.9
30 7.2 e 10.0 13.3 15.8 17.8 219 221 20.0 17.6 12.9 8.7
31 7.2 10.1 15.9 21.9 222 17.3 8.6
MEAN 7.7 71 9.1 12.1 14.6 17.3 20.3 222 21.7 191 14.4 10.6
ITEM SOIL TEMPERATURE (1.00 m DEPTH)
INSTRUMENT  PT RESISTANCE THERMOMETER (E-751)
UNIT (°c)
YEAR 2002
MONTH 1 2 3 4 5 6 7 8 9 10 11 12
1 11.8 9.6 9.2 10.3 12.4 14.2 16.0 kK 19.7 19.4 17.9 147
2 11.7 9.7 9.2 10.4 12.4 143 16.0 18.7 19.7 19.4 17.8 14.6
3 11.6 9.7 9.3 10.3 12.5 143 16.1 18.8 19.7 19.3 17.7 14.5
4 115 9.6 9.3 10.5 12.5 14.4 16.1 18.9 19.8 19.2 17.6 14.5
5 11.4 9.6 9.4 10.6 12.6 145 16.1 18.9 19.8 19.2 17.5 14.4
6 11.3 9.6 9.4 10.7 12.6 145 16.2 19.0 19.8 19.1 17.4 143
7 11.2 9.5 9.5 10.8 12.7 14.6 16.2 19.0 19.9 19.1 17.2 14.2
8 11.1 9.5 9.5 10.8 12.8 14.7 16.3 19.1 19.9 19.1 17.1 14.1
9 11.0 9.5 9.5 10.9 12.8 14.8 16.4 19.1 19.9 19.0 17.0 14.0
10 11.0 9.5 9.6 11.0 12.9 14.8 16.5 19.2 19.9 19.0 16.8 13.9
11 10.8 9.5 9.6 11.0 13.0 14.9 17.5 19.2 20.0 19.0 16.7 138
12 10.7 9.5 Hokk 1.1 13.1 15.0 17.2 19.3 20.0 19.0 16.5 13.7
13 10.6 9.5 Hokk 11.2 13.1 15.1 17.2 19.3 20.0 19.0 16.4 13.6
14 10.5 9.4 9.7 1.2 13.2 15.1 17.3 19.3 20.0 18.9 16.2 13.5
15 10.5 9.4 9.6 1.3 13.2 15.2 17.3 19.4 20.0 18.9 16.1 134
16 10.5 9.4 9.7 1.4 13.2 15.3 17.4 19.4 20.0 18.8 16.0 13.3
17 10.4 9.4 9.8 114 13.3 15.3 175 19.5 20.0 18.7 15.9 13.2
18 10.4 9.3 9.8 115 134 15.4 17.6 19.5 20.0 18.7 15.7 13.0
19 10.4 9.3 9.9 11.5 134 15.4 17.7 19.6 20.0 sofok 15.6 12.9
20 10.3 9.2 9.9 11.6 sofok 15.5 17.7 19.6 20.0 sokok 15.5 12.8
21 10.3 9.2 10.0 1.7 sofok 15.5 17.8 19.6 19.9 185 15.4 12.7
22 10.1 9.2 10.0 11.8 13.7 15.6 17.9 19.7 19.9 18.4 15.3 12.5
23 10.1 9.2 101 11.9 13.7 15.7 18.0 19.7 19.9 18.4 15.3 124
24 10.1 9.2 101 11.9 13.8 15.7 18.1 19.7 19.8 18.3 15.2 12.2
25 10.0 9.2 10.2 12.0 13.8 15.8 18.2 19.7 19.7 18.3 15.1 12.2
26 10.1 9.2 10.2 12.1 13.9 15.8 18.3 19.7 19.7 18.2 15.0 12.1
27 9.4 9.2 10.3 12.2 13.9 15.9 18.3 19.7 19.6 18.2 15.0 120
28 9.5 9.2 103 12.2 14.0 15.9 18.4 19.7 19.6 18.1 14.9 11.9
29 9.5 e 10.3 12.3 14.0 16.0 185 19.6 195 18.0 14.8 11.9
30 9.6 e 103 124 14.1 16.0 18.6 19.6 19.4 18.0 14.8 11.8
31 9.6 10.3 14.2 18.6 19.7 18.0 11.7
MEAN 10.5 9.4 938 11.3 13.2 15.2 17.3 19.4 19.8 18.7 16.2 13.2

0 1780



ITEM GROUNDWATER LEVEL (2.2 m DEPTH)
INSTRUMENT ~ WATER LEVEL GAUGE (PRESSURE TRANSDUCER TYPE)
UNIT (m)
YEAR 2002
MONTH 1 2 3 4 5 6 7 8 9 10 11 12
1 -1.77 -1.43 -1.75 -1.74 -1.91 -1.71 -1.85 Fokok fofok Fofok -1.73 -2.09
2 -1.78 -1.45 -1.73 -1.72 -1.94 -1.75 -1.83 -1.85 Fokok -2.13 -1.81 -2.10
3 -1.84 -1.48 -1.77 -1.71 -1.92 -1.77 -1.80 -1.89 Fokok -1.87 -1.82 -2.12
4 -1.82 -1.50 -1.76 -1.76 -1.91 -1.77 -1.77 -1.96 Fokok -1.78 -1.85 -2.03
5 -1.83 -1.51 -1.75 -1.77 -1.93 -1.79 -1.75 -2.00 Fokok -1.79 -1.90 -2.08
6 -1.89 -1.50 -1.70 -1.78 -1.98 -1.82 -1.74 -2.02 Fokok -1.77 -1.91 -2.12
7 -1.84 -1.42 -1.82 -1.76 -1.96 -1.82 -1.76 -2.03 Fokk -1.77 -1.85 -2.06
8 -1.80 -1.42 -1.86 -1.77 -1.97 -1.82 -1.79 -2.04 Fokk -1.84 -1.75 -2.00
9 -1.88 -1.44 -1.81 -1.81 -2.01 -1.84 -1.80 -2.05 Fokk -1.84 -1.84 -1.92
10 -1.87 -1.48 -1.77 -1.83 -1.98 -1.87 -1.77 -2.07 Fokk -1.82 -1.92 -1.88
1 -1.87 -1.50 Fokok -1.82 -1.96 -1.87 -1.53 -2.08 Fokk -1.83 -1.88 -1.88
12 -1.91 -1.56 Fokk -1.81 -1.92 -1.93 -1.41 -2.09 Fokk -1.82 -1.82 -1.80
13 -1.92 -1.57 -1.91 -1.83 -1.85 -1.92 -1.42 -2.08 Fkk -1.79 -1.86 -1.80
14 -1.93 -1.58 -1.88 -1.86 -1.81 -1.95 -1.44 -2.10 ook -1.84 -1.90 -1.80
15 -1.87 -1.59 -1.87 -1.84 -1.81 -1.96 -1.49 -2.11 ook -1.84 -1.90 -1.76
16 -1.87 -1.60 -1.95 -1.83 -1.83 -1.97 -1.50 -2.15 ook -1.86 -1.95 -1.72
17 -1.93 -1.57 -1.91 -1.82 -1.82 -1.98 -1.59 -2.15 ook -1.90 -1.94 -1.77
18 -1.95 -1.58 -1.93 -1.88 -1.80 -1.96 -1.61 -2.15 ook -1.88 -1.88 -1.82
19 -1.97 -1.65 -1.93 -1.88 -1.79 -2.00 -1.61 -213 Fokk ook -1.98 -1.82
20 -1.96 -1.69 -1.96 -1.87 -1.67 -1.93 -1.61 -2.16 Sk ook -1.94 -1.85
21 -1.87 -1.67 -1.92 -1.87 -157 -1.88 -1.63 -2.19 *okok -1.86 -1.92 -1.81
22 -1.87 -1.63 -1.94 -1.89 -1.59 -1.92 -1.65 -2.20 Fokok -1.90 -1.99 -1.79
23 -1.78 -1.68 -1.96 -1.87 -1.59 -1.90 -1.68 -2.18 *okok -1.87 -1.96 -1.74
24 -1.74 -1.70 -1.98 -1.83 -1.62 -1.87 -1.69 -2.15 Fokk -1.84 -1.95 -1.67
25 -1.73 -1.71 -2.00 -1.87 -1.65 -1.87 -1.70 -2.18 Fkk -1.82 -1.96 -1.62
26 -1.70 -1.69 -1.97 -1.88 -1.68 -1.89 -1.73 -2.20 *kk -1.74 -2.01 -1.71
27 -1.37 -1.72 -1.97 -1.87 -1.69 -1.88 -1.75 -2.20 *kk -1.75 -2.05 -1.74
28 -1.16 -1.71 -1.99 -1.87 -1.70 -1.87 -1.76 -2.19 dokok -1.82 -2.12 -1.73
29 -1.22 -1.88 -1.88 -1.70 -1.86 -1.77 -2.19 dokok -1.85 -2.10 -1.74
30 -1.30 -1.85 -1.86 -1.69 -1.84 -1.79 -2.19 ook -1.86 -2.05 -1.77
31 -1.39 -1.78 -1.69 e -1.81 Fkk . -1.84 o -1.77
MEAN -1.76 -1.57 -1.87 -1.83 -1.80 -1.87 -1.68 -2.10 F4k -1.84 -1.92 -1.85
ITEM GROUNDWATER LEVEL (10.0 m DEPTH)
INSTRUMENT  WATER LEVEL GAUGE (PRESSURE TRANSDUCER TYPE)
UNIT (m)
YEAR 2002
MONTH 1 2 3 4 5 6 7 8 9 10 11 12
1 -2.45 -1.62 -1.95 -2.41 -2.60 -2.36 -2.54 ook -4.61 -4.19 -3.14 -3.59
2 -2.39 -1.65 -1.97 -2.39 -2.64 -2.38 -2.51 -2.71 -4.65 -2.73 -3.13 -3.59
3 -2.36 -1.67 -1.98 -2.39 -2.66 -2.40 -2.45 -2.76 -4.69 -2.57 -3.16 -3.48
4 -2.35 -1.69 -1.99 -2.37 -2.82 -2.43 -2.46 -2.79 -4.73 -2.60 -3.18 -3.38
5 -2.35 -1.71 -2.00 -2.42 -2.79 -2.45 -2.45 -2.82 -4.76 -2.72 -3.22 -3.14
6 -2.43 -1.68 -2.01 -2.40 -2.85 -2.47 -2.42 -2.85 -4.76 -2.72 -3.24 -3.12
7 -2.52 -1.61 -2.03 -2.37 -2.93 -2.48 -2.41 -2.88 -4.74 -2.57 -3.25 -3.05
8 -2.48 -1.62 -2.06 -2.37 -2.73 -2.52 -2.42 -2.91 -4.73 -2.54 -3.22 -3.00
9 -2.46 -1.65 -2.08 -2.38 -2.77 -2.53 -2.44 -2.95 -4.72 -2.54 -3.20 -2.88
10 -2.49 -1.68 -2.10 -2.45 -2.76 -2.55 -2.46 -2.98 -4.71 -2.54 -3.24 -2.81
1 -2.51 -1.70 Fokok -2.42 -2.71 -2.58 -2.07 -3.01 -4.69 -2.56 -3.09 -2.80
12 -2.54 -1.72 sokok -2.49 -2.65 -2.60 -2.03 -3.03 -4.67 -2.56 -2.81 -2.76
13 -2.60 -1.74 -2.18 -2.63 -2.60 -2.62 -2.09 -3.04 -4.65 -2.55 -2.92 -2.63
14 -2.64 -1.76 -2.21 -2.67 -2.57 -2.64 -2.13 -3.05 -4.63 -2.57 -3.02 -2.58
15 -2.72 -1.78 -2.22 -2.73 -2.56 -2.65 -2.17 -3.07 -4.61 -2.61 -3.11 -2.57
16 -2.76 -1.79 -2.28 -2.49 -2.57 -2.68 -2.18 -3.09 -4.58 -2.63 -3.09 -2.58
17 -2.56 -1.79 -2.32 -2.42 -2.61 -2.71 -2.21 -3.13 -4.55 -2.67 -3.12 -2.57
18 -2.63 -1.80 -2.34 -2.45 -2.63 -2.74 -2.24 -3.20 -4.54 -2.69 -3.18 -2.58
19 -2.67 -1.82 -2.37 -2.57 -2.56 -2.72 -2.28 -3.27 -4.54 Fkok -3.24 -2.62
20 -2.72 -1.84 -2.40 -2.62 -2.34 -2.67 -2.29 -3.38 -4.53 Fkok -3.26 -2.75
21 -2.63 -1.85 -2.44 -2.67 -2.30 -2.70 -2.32 -3.56 -4.50 -2.84 -3.32 -2.74
22 -2.19 -1.86 -2.46 -2.46 -2.30 -2.69 -2.36 -3.79 -4.48 -2.89 -3.39 -2.72
23 -2.04 -1.87 -2.49 -2.46 -2.31 -2.66 -2.39 -4.00 -4.46 -2.91 -3.42 -2.70
24 -2.01 -1.89 -2.53 -2.45 -2.32 -2.67 -2.41 -4.09 -4.48 -2.94 -3.42 -2.72
25 -2.00 -1.91 -2.57 -2.47 -2.33 -2.65 -2.44 -4.17 -4.50 -2.97 -3.40 -2.68
26 -2.02 -1.92 -2.61 -2.51 -2.34 -2.62 -2.46 -4.26 -451 -3.04 -3.41 -2.72
27 -1.62 -1.93 -2.63 -2.54 -2.34 -2.60 -2.48 -4.35 -452 -2.99 -3.43 -2.72
28 -1.41 -1.94 -2.63 -2.58 -2.33 -2.59 -2.51 -4.42 -4.49 -3.04 -3.50 -2.75
29 -1.47 . -2.59 -2.64 -2.32 -2.56 -2.55 -4.48 -4.46 -3.05 -3.52 -2.74
30 -1.53 -2.58 -2.66 -2.34 -2.56 -2.59 -4.53 -4.46 -3.12 -3.52 -2.81
31 -1.58 - -2.52 -2.35 - -2.63 —-4.56 - -3.11 - -2.82
MEAN -2.29 -1.77 -2.29 -2.50 -2.55 -2.58 -2.37 -3.44 -4.60 -2.81 -3.24 -2.86
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ITEM GROUNDWATER LEVEL (22.0 m DEPTH)
INSTRUMENT ~ WATER LEVEL GAUGE (PRESSURE TRANSDUCER TYPE)
UNIT (m)
YEAR 2002
MONTH 1 2 3 4 5 6 7 8 9 10 11 12
1 kkk kokk *kkk *kkk kkk kkk kkk kkk kkk *kkk *kkk kkk
2 kokk *kkk *kkk kkk kkk kkk kkk kokk kokk kkk kkk kkk
3 kokk *kkk kkk kkk kkk kkk kkk kokk koksk kkk kkk kkk
4 kokk koksk *kkk kkk kkk kkk kkk kokk kokk *kkk kekok kkk
5 koksk *kkk *kkok kkk kkk kkk kkk kokk koksk *kkk kkk kkk
6 kokk kokk *kkk kkk kkk kkk kkk skokk kokk *kkk kkk kkk
7 ok *kkk skekok skekok skkk skkk skokk skokk skoksk sk skkok skkk
8 skoksk kkk sk skekok skkk skkk sk koksk skoksk sk skkok skkk
9 ok kekk sk skekok skkk skkk skokk skoksk skoksk sk sk skkok
10 skoksk skoksk sk skekok skkk skkk skkok ok skoksk sk skekok skkok
1 skoksk skoksk sk skekok skekok skkok skkk ok skoksk sk skekok skkk
12 soksk skkk skekok skekok sk sk sokok ook soksk skkok skekok skekok
13 soksk skkk skekok skekok sk sk sk soksk soksk skkok skekok skekok
14 *okk *okk *ofok *opok *okok *okok *okok *okk sokok sKokok Kook K%k
15 *okk *opok *opok *opok *okok *okok *okok *okk sokok Kook Kook K%k
16 *kkk *kkok soksk ok kokk kkk kkk kkk *kkok ok kokk ok
17 *kkk *kkk kokk kokk kokk kkk kkk *kkk *kkok soksk ok kokk
18 *kkok *kkok kokk kokk kokk kkk kkk sk *kkok soksk ok kokk
19 kkk kkk *kkk *kkk kkk kkk kkk kkk kkk *kkk *kkk *kk
20 kkk kkk *kkk *kkk kkk kkk kkk kkk kkk kkk *kkk Kk
21 kkk kkk *kkk *kkk *kkk kK% kK% kkk kkk kkk *kkk *kk
22 kkk kkk kkk *kkk *kkk k% kkk kkk kkk kkk *kkk *skk
23 kkk kkk *kkk *kkk *kkk kkk kkk kkk kkk kkk *kkk *kkk
24 kkk kkk *kkk *kkk *kkk kkk kkk kkk kkk *kkk *kkk *kk
25 kkk kkk *kkk *kkk *kkk kK% kkk kkk kkk kkk *kkk *kkk
26 kkk kkk *kkk *kkk kkk kkk kkk kkk kkk *kkk *kkk *kkk
27 kkk kkk *kkk *kkk *kkk kkk kkk kkk kkk *kkk *kkk *kkk
28 kkk kkk *kkk *kkk *kkk kkk kkk kkk kkk *kkk *kkk *kkk
29 kkk e Kk *kkk kkk kkk kkk kkk kkk *kkk *kkk kkk
30 kokk e *kkk kkk kkk kkk kkk kokk kokk *kkk kekk kkk
31 *okok e sokok ... koK .. *okok Fokok sokok sokok ... Kokk
MEAN sk ook skoksk sk skekok sk sk sokok ok skoksk sk skekok
ITEM DEWPOINT TEMPERATURE (1.6 m HEIGHT)
INSTRUMENT  DEW-POINT HYGROMETER (LICL DEW CELL)(E-771)
UNIT (°c)
YEAR 2002
MONTH 1 2 3 4 5 6 7 8 9 10 11 12
1 -4.4 6.7 5.6 6.4 13.4 16.6 20.1 ok 224 19.3 9.0 53
2 -4.1 -2.1 15 78 49 15.9 19.6 228 228 17.1 1.8 41
3 -100 1.4 -6.2 10.8 8.9 12.6 19.5 225 226 16.7 0.9 1.8
4 -55 0.9 -2.9 -1.8 14.0 17.1 213 23.4 234 16.5 -0.1 72
5 -5.2 1.7 25 -1.0 16.7 14.8 216 245 21.0 15.4 -1.6 6.9
6 -70 3.2 6.9 -0.3 3.7 13.1 21.9 249 213 16.9 -1.7 29
7 -5.0 13 -3.0 9.4 1.1 15.7 226 238 215 19.8 1.1 1.1
8 -25 -1.2 -7.1 14.8 13.8 17.2 232 233 215 15.6 43 0.6
9 -7.0 -55 -1.2 11.2 10.0 10.7 226 234 20.7 14.4 -0.8 -0.4
10 -3.3 -6.9 0.4 5.7 10.6 1.2 240 235 19.9 10.7 -1.1 -0.4
11 -1.7 -7.2 sokok 7.6 1.9 20.1 220 23.0 21.0 6.5 28 -3.6
12 -3.1 -8.4 Hokk 7.9 11.0 15.6 18.9 21.0 21.7 8.3 8.0 -34
13 -1.9 -5.1 -45 5.6 10.5 16.6 22.1 232 19.1 10.6 1.3 -4.8
14 -1.6 -1.7 1.7 8.1 12.6 17.0 229 23.0 15.9 12.0 -1.3 -6.4
15 24 -74 9.4 10.1 10.9 17.6 222 232 16.6 15.5 0.6 -4.2
16 6.4 -5.2 25 13.9 8.2 18.8 233 22.1 17.3 1.7 2.1 -0.4
17 1.3 0.6 47 15.3 10.3 18.7 228 213 18.1 1.9 23 -0.3
18 -3.4 -39 -33 6.4 135 17.7 234 21.7 16.0 15.3 30 -1.2
19 -6.3 -78 -37 28 14.6 14.3 243 239 125 sokok -08 1.7
20 -22 -5.7 -25 75 12.0 17.6 237 17.2 13.1 sokok 38 -0.8
21 8.1 -29 5.9 1.9 1.2 17.9 242 13.8 14.9 12.8 3.7 0.6
22 05 30 7.1 1.6 12.3 13.7 242 14.8 15.1 1.3 -08 16
23 -6.4 -1.6 2.8 9.5 14.2 13.0 242 18.0 15.7 9.6 30 -26
24 -6.3 -3.1 -43 1.2 12.2 13.0 218 21.7 12.3 11.6 6.0 0.8
25 -6.6 -25 -16 9.9 6.9 14.5 238 22.1 1.7 11.4 8.8 12
26 -29 2.7 4.1 44 8.9 14.0 249 214 1.8 115 2.9 -8.0
27 34 18 7.9 19 12.7 14.3 242 235 13.1 10.1 -1.9 -93
28 -48 75 -18 22 15 15.8 18.7 243 16.7 33 -36 -6.6
29 -6.3 e 9.1 2.7 12.9 16.8 226 231 18.7 1.0 -2.1 -71
30 -5.7 ren 85 12,5 15.6 18.9 241 23.1 17.3 1.9 238 -6.5
31 -74 res 8.3 e 15.5 ses 23.9 225 e 44 e -3.4
MEAN -3.2 -2.4 1.6 7.5 115 15.7 225 22.0 17.9 11.8 1.7 —1.1
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ITEM DEWPOINT TEMPERATURE (12.3 m HEIGHT)
INSTRUMENT  DEW-POINT HYGROMETER (LICL DEW CELL)(E-771)
UNIT (c)
YEAR 2002
MONTH 1 2 3 4 5 6 7 8 9 10 11 12
1 -39 6.8 5.6 6.5 133 16.4 20.0 ok 223 193 93 53
2 -40 -30 15 8.1 4.4 155 19.3 225 229 17.0 1.7 48
3 -9.9 1.4 -6.2 10.7 8.7 12.2 19.3 223 228 17.0 1.3 3.1
4 -46 0.9 -24 -22 138 16.9 21.0 23.1 234 16.6 0.9 74
5 -4.4 19 3.1 -1.1 16.4 14.4 214 242 20.9 15.8 -05 85
6 -6.5 3.6 7.2 -04 30 125 215 248 21.3 174 -07 3.1
7 -4.1 20 -3.1 9.2 1.1 15.4 223 235 215 19.7 18 1.0
8 -25 -1.3 -74 14.7 138 16.9 227 230 215 15.1 56 0.3
9 -7.1 -56 -1.1 110 9.8 9.7 222 23.1 20.6 145 -038 -02
10 -28 -6.7 0.9 5.3 10.4 10.2 238 232 198 10.3 -05 0.0
11 -13 -74 Aok 73 116 19.7 214 228 21.2 74 38 -32
12 -28 -85 sokk 76 108 155 18.2 208 21.9 9.7 9.7 -29
13 -17 -49 -47 55 10.3 16.5 21.7 229 189 1.3 25 -4.4
14 -12 -1 1.7 8.0 12.3 16.8 224 227 15.6 12.3 -14 -59
15 3.1 -72 9.2 10.2 10.6 174 218 230 16.4 15.8 0.2 -35
16 70 -5.1 23 137 80 186 232 219 172 12.3 2.2 0.2
17 16 0.6 44 15.1 101 18.7 225 21.1 182 124 2.1 -04
18 -33 -37 -38 6.0 136 178 229 215 16.0 155 32 -10
19 -6.5 -17 -40 24 144 141 240 238 12.7 *ok -1.0 20
20 -22 -56 -26 7.1 1.7 173 233 16.8 13.6 ok 3.9 -05
21 8.3 -30 5.9 1.7 10.8 17.4 239 133 15.2 13.0 40 0.6
22 0.1 33 6.9 114 1.9 134 237 143 14.8 1.3 -08 15
23 -6.9 -15 23 9.2 14.0 12.8 238 17.9 15.7 9.1 30 -28
24 -6.8 -3.2 -4.7 1.1 1.7 12.6 214 216 12.6 115 6.2 0.7
25 -6.6 -22 -16 9.6 5.9 14.3 236 222 12.1 1.9 8.9 16
26 -26 30 3.9 40 8.3 138 24.4 215 1.9 118 28 -8.2
27 3.4 20 75 1.1 125 139 238 233 125 98 -1.4 -95
28 -49 78 -24 1.7 1.3 15.4 18.3 24.1 16.7 Hokk -34 -6.5
29 -6.2 e 8.8 2.3 12,6 16.7 222 234 185 Hokok -09 -7.0
30 -5.4 e 8.2 12.4 155 18.7 240 230 171 1.8 33 -6.4
31 -1 e 8.0 e 15.0 e 23.6 224 e 47 e -3.1
MEAN =30 —23 15 73 11.2 154 222 21.8 17.9 128 2.2 -0.8
ITEM DEWPOINT TEMPERATURE (29.5 m HEIGHT)
INSTRUMENT  DEW-POINT HYGROMETER (LICL DEW CELL)(E-771)
UNIT (°c)
YEAR 2002
MONTH 1 2 3 4 5 6 7 8 9 10 11 12
1 -44 -74 5.2 6.6 131 16.2 198 ok 220 19.0 9.0 5.0
2 -43 -36 1.0 8.1 4.1 15.3 19.1 22.1 226 16.6 1.1 43
3 -103 0.9 -6.7 10.6 8.7 1.9 19.1 220 224 16.6 08 2.7
4 -5.0 0.5 -29 -25 138 16.7 207 228 230 16.2 0.4 7.1
5 -48 15 30 -13 16.2 141 21.1 237 20.6 155 -09 8.4
6 -6.9 33 6.9 -07 2.7 12.2 213 244 20.9 171 -12 26
7 -42 18 -38 9.1 10.7 15.1 220 23.1 21.1 19.4 13 0.5
8 -29 -1.9 -8.0 14.7 135 16.8 224 227 21.0 145 54 -0.1
9 -76 -6.2 -14 110 9.7 9.2 219 227 20.3 141 -12 -07
10 -30 -72 0.7 5.2 10.2 9.7 236 229 19.4 9.6 -1.1 -0.1
11 -17 -79 Aok 72 114 195 210 224 20.8 6.9 36 -36
12 -32 -90 *ohok 74 10.7 15.3 178 20.6 21.6 9.3 9.6 -32
13 -22 -55 -5.0 5.3 10.2 16.2 214 225 185 110 2.1 -5.0
14 -15 -82 15 8.0 121 16.7 220 224 15.2 120 -23 -6.6
15 32 -76 9.1 10.2 103 1741 215 226 16.0 155 -05 -40
16 70 -58 2.1 137 78 18.4 229 21.6 16.8 1.7 19 0.1
17 13 0.2 42 15.1 99 185 22.1 20.7 178 119 17 -09
18 -39 -39 -4.4 58 134 175 226 212 155 15.2 28 -13
19 -6.9 -82 -43 2.1 14.2 134 23.7 235 12.3 ok -18 18
20 -25 -6.4 -3.0 70 116 1741 229 16.4 13.3 Hohok 3.6 -1.0
21 8.1 -36 6.0 115 10.7 17.1 236 12.7 1438 12.7 3.6 0.2
22 -06 30 6.9 1.3 1.7 13.1 234 139 14.4 10.9 -12 11
23 -7 -20 2.1 9.1 13.9 12.6 235 175 15.3 8.6 2.7 -33
24 -74 -39 -50 11.0 115 12.3 211 212 12.0 112 5.9 0.2
25 -70 -27 -1.7 95 5.3 140 233 219 11.6 115 8.6 14
26 -3.0 2.7 3.7 38 7.9 136 240 21.2 116 15 2.1 -8.7
27 32 1.6 7.2 0.7 12.3 13.7 235 229 1.9 9.3 -19 -99
28 -55 7.4 -3.0 1.3 1.1 15.1 18.1 238 16.3 24 -39 -6.8
29 -6.7 e 8.7 2.1 12.4 16.4 21.9 230 18.1 0.1 -1.1 -15
30 -58 e 8.1 12.3 15.3 18.4 236 226 16.7 1.2 3.1 -6.9
31 -8.2 e 7.9 e 14.7 e 232 22.0 e 4.1 e -34
MEAN =34 —238 12 7.2 11.0 15.1 21.9 21.4 175 116 1.7 -12
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ITEM PRECIPITATION (0.3 m HEIGHT)
INSTRUMENT  RAIN GAUGE (TRIPPING BUCKET TYPE)(B-011-00)
UNIT (mm)
YEAR 2002
MONTH 1 2 3 4 5 6 7 8 9 10 11 12
1 sokok Fofok ook Fokok 0.5 0.0 8.0 ook 0.0 67.0 45 1.5
2 sofok sokok sokok Fofok 0.0 0.0 0.5 0.0 0.0 0.0 0.0 05
3 sofok sokok sofok ook 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4 ook sofok okok 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 19.0
5 sofok sokok ofok 0.0 1.0 05 0.0 0.0 0.0 0.0 0.0 0.0
6 sofok sofok sokok 0.0 0.0 30.5 75 0.0 54.5 0.0 0.0 0.0
7 ook ofok ook 25 215 0.0 0.5 0.0 14.0 9.0 0.0 13.0
8 ook ofok Fofok 0.0 25 0.0 0.0 0.0 3.0 1.0 0.0 1.0
9 ook okok Fofok 20 0.0 0.0 9.0 0.0 8.0 35 0.0 6.5
10 ook ofok Fofok 1.0 12.0 0.0 61.0 0.0 0.0 0.0 0.0 11.0
11 ook fokok Fofok 0.0 10.0 0.0 18.0 0.0 0.0 0.0 0.0 0.0
12 ook Fokok Fokok 85 0.0 25 0.0 0.0 6.0 0.0 0.0 0.0
13 ook Fokok Fokok 0.0 0.0 25 1.0 0.0 45 0.0 0.0 0.0
14 Fokk ook *kk 0.0 0.0 17.0 0.0 0.0 15 0.0 0.0 0.0
15 Fokk ook *kk 0.0 0.0 8.0 0.0 0.0 0.5 6.0 0.0 0.0
16 Fokk ook *kk 0.0 37.0 40 21.0 45 7.0 25 0.0 0.0
17 Fokk ook *kk 0.0 155 0.0 1.0 0.0 40 0.0 0.0 50
18 Fokk ook *kk 0.0 9.0 525 0.0 0.5 0.0 0.0 0.0 0.0
19 *okk ook Fokok 0.0 25.0 0.0 0.5 10.0 0.0 *okk 0.0 0.0
20 *kk ook Fokok 0.0 0.0 715 0.0 0.0 0.0 *okk 0.0 0.0
21 ook Fokok *kk 18.0 0.0 30 0.0 0.0 0.0 26.5 0.0 21.0
22 ook Hokok *kk 1.0 0.0 6.0 0.0 0.0 8.0 0.0 0.0 0.5
23 Fofok Fofok *okk 0.0 0.0 0.0 0.0 10.0 1.0 0.0 0.0 0.0
24 Hokk ook *okok 0.0 0.0 0.0 0.0 7.0 0.0 40 0.0 0.0
25 Fokok ook Fokk 0.0 0.0 70 0.5 0.0 0.0 0.0 15.5 0.0
26 sfofok ook ook 0.0 0.0 15 0.0 0.0 0.0 70 20 0.0
27 ook ook ook 0.0 255 3.5 0.0 0.0 0.0 0.0 0.0 0.0
28 ook ook ook 0.0 0.0 0.5 0.0 0.0 285 0.0 0.0 0.0
29 Fofok s ook 0.0 0.0 25 0.0 0.0 0.0 0.0 0.0 0.0
30 Fofok s ook 20 0.0 85 0.0 0.0 20 0.0 0.0 0.0
31 skokok Y *kkk e 00 e 00 00 PRy 00 e 00
TOTAL Fokok Hokok Hokok 35.5 159.5 157.5 128.5 32.0 142.5 126.5 22.0 79.0
ITEM EVAPOTRANSPIRATION (0.00 m HEIGHT)
INSTRUMENT  WEIGHING LYSIMETER (RL-15TFA)
UNIT (mm)
YEAR 2002
MONTH 1 2 3 4 5 6 7 8 9 10 11 12
1 Fokok Fokok Fokok *okk 1.7 0.8 22 *kk 3.6 *kokk 1.1 0.5
2 *okk *kk *okk *kokk 22 0.6 1.7 0.4 0.4 05 1.1 0.8
3 ok Fokok *okk *okk 1.0 0.8 3.6 0.3 0.5 0.2 0.6 0.9
4 ook Fokok Fokok 1.1 1.2 0.0 1.1 0.2 0.6 0.2 038 3.8
5 *okok ook Fokok 1.0 23 05 1.1 0.5 0.5 0.8 0.9 038
6 ook ook Fokok 1.1 1.0 0.2 0.7 42 Fokok 1.1 0.9 0.6
7 Fokok ook Fokok 1.2 34 3.6 0.6 0.3 0.1 42 0.6 3.3
8 Fokok Fkok Fokok 0.7 1.4 0.6 0.5 0.3 1.5 1.0 0.5 1.3
9 Fokok Fkok Fokok 0.4 1.1 0.4 24 0.3 ook 2.2 05 ook
10 Fokok Fofok Fokok 1.3 33 04 Fokok 0.3 Fokok 0.6 0.4 *kk
1 Fokok Fokok Fokok 0.6 35 038 ook 0.7 0.0 0.8 0.8 1.9
12 sofok sokok otk 2.7 1.2 0.0 sofok 0.8 3.7 0.6 05 2.2
13 sofok sofok ofok 1.1 35 0.9 55 3.6 sofok 24 038 2.7
14 sofok ook sofok 1.4 1.3 0.9 0.9 0.7 sofok 0.2 038 15
15 sofok sofok sofok 0.8 1.5 25 0.9 0.6 sokok 3.9 0.6 15
16 Fokok Fokok Fokk 1.5 1.0 1.1 54 24 Fokok 1.8 0.5 1.1
17 ook sofok ofok 0.9 29 0.4 2.8 0.8 okok 0.8 05 2.3
18 ook ofok Fofok 1.0 35 ook 0.8 0.5 0.2 0.8 038 0.7
19 Fokok Fokk Fokok *kk 4.7 4.4 25 04 *okok 0.6 04
20 ook sofok Fofok 0.9 ook 1.7 0.5 0.5 0.1 Fofok 05 0.7
21 *okok *okk *okok 25 k% 6.3 0.7 Fokk 0.5 *okok 0.5 5.0
22 *okok *okk *okok 1.8 *kk 0.0 04 0.6 *okk *okok 0.3 2.3
23 ook ook Fokok 1.8 ook 2.6 39 1.9 ook 1.0 03 22
24 ook Hokok Fofok 15 sokok 0.3 0.6 6.7 0.5 2.8 0.4 1.6
25 ook Fokok Fofok 1.2 3.8 24 0.2 0.1 2.7 1.2 2.8 sokok
26 *kk *kk *okk 0.9 11 23 0.2 2.7 0.0 2.8 1.8 *kk
27 *kk *okk *okk 1.3 5.1 22 0.6 0.6 0.7 1.2 0.6 *kk
28 *kk ook Fokok 1.3 3.7 0.5 0.7 0.4 5.6 *okk 0.6 0.9
29 *kk e *okk 14 0.8 3.0 *kk 0.2 0.9 *okk 0.5 0.6
30 Fokok ree *okok 0.6 0.4 1.9 0.3 0.2 0.2 1.4 0.4 0.6
31 sokok s Fokok s 0.7 i 0.6 0.2 T 1.3 i 0.9
MEAN fokok Fokok Fokok 1.2 2.1 1.4 1.6 1.1 1.1 1.4 0.7 1.6
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ITEM ATMOSPHERIC PRESSURE (5.00 m HEIGHT)
INSTRUMENT  (F-401)
UNIT (hPa)
YEAR 2002
MONTH 1 2 3 4 5 6 7 8 9 10 11 12
1 1004 1019 1015 1011 1010 1000 1009 Fokok 1011 998 1003 1017
2 995 1020 1013 1007 1021 1003 1010 1003 1011 1003 1002 1018
3 1001 1019 1017 1000 1022 1007 1011 1003 1011 1012 1002 1024
4 1002 1019 1018 1003 1016 1007 1012 1004 1011 1012 1003 1012
5 998 1016 1014 1011 1009 1008 1011 1006 1012 1014 1013 1009
6 1013 1011 994 1016 1017 1012 1006 1007 1011 1014 1022 1017
7 1017 1008 1001 1010 1016 1011 1003 1007 1010 1006 1021 1019
8 1000 1008 1016 1004 1009 1007 1005 1006 1007 1014 1002 1017
9 1004 1002 1019 1004 1017 1002 1004 1007 1005 1019 998 1011
10 1006 1005 1007 1013 1017 1004 994 1009 1010 1020 1012 1007
11 1001 1002 Fokok 1015 1009 1001 986 1010 1010 1021 1015 1014
12 1008 1008 ook 1008 1014 1004 999 1012 1008 1018 1005 1016
13 1015 1014 1018 1010 1016 1004 1004 1009 1009 1010 1004 1020
14 1022 1017 1013 1015 1013 1005 1002 1008 1012 1010 1008 1027
15 1013 1017 997 1017 1012 1006 1000 1006 1013 1010 1008 1025
16 1001 1019 1009 1013 1014 1007 992 1007 1013 1008 1015 1015
17 1004 1012 1010 1003 1012 1006 999 1007 1008 1016 1021 1009
18 1010 1001 1009 1010 1003 1001 1006 1005 1013 1016 1012 1017
19 1018 1006 1010 1021 1000 1005 1009 998 1020 *kk 1024 1017
20 1022 1017 1012 1021 1000 1005 1008 996 1017 *kk 1023 1024
21 1005 1019 1005 1018 1001 997 1007 1002 1011 1003 1016 1023
22 999 1011 1001 1018 1004 1004 1007 1008 1004 1006 1023 1020
23 1006 1012 1001 1020 1001 1007 1009 1010 1002 1012 1021 1021
24 1012 1016 1010 1012 998 1005 1009 1005 1012 1016 1015 1016
25 1019 1019 1019 1011 1001 1006 1007 1005 1017 1019 1005 1005
26 1022 1015 1017 1021 1005 1010 1009 1010 1022 1010 1001 1008
27 992 1015 1002 1023 1007 1013 1010 1013 1020 999 1005 1011
28 1001 1012 1016 1022 1009 1014 1011 1013 1010 1002 1015 1013
29 1005 1014 1019 1011 1014 1009 1012 1009 1009 1021 1010
30 1010 1002 1011 1008 1010 1007 1010 1013 1017 1015 1014
31 1014 1006 1002 1008 1010 1021 1013
MEAN 1008 1013 1010 1013 1009 1006 1005 1007 1011 1012 1012 1016
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Towards an Objective Model of Catchment Hydrology

R. P. Hooper *, J. J. McDonnell **, B. L. McGlynn ™ and K. N. Hjerdt

The interna dructure of catchment hydrologic models
remains one of the most subjective dements of coupled
hydrologic and biogeochemicad modds, despite the
recognized sengtivity of mode predictions to the chosen
dructure. Hilldope hydrologic studies indicate the high
degree of complexity in trangport processes a this spatia
e (eg., variably saturated media, macropore-dominated
transport). How can the complexities observed at the hilldope
scale be trandated into a generd catchment modd with
modest data reguirements, yet retain structure that is
defined objectively by data? Observations from a hilldope
trench study at Panola Mountain Research Watershed (GA,
USA) suggest that residence time of water within a
landscape unit may be the single most important physical
characteristic determining the observed chemistry. We

contrast the chemistry of the saturated zone in the hillSope
with stream chemistry & various basin scaes in three
caichments across a range of resdence times. Stream
chemigtry at the catchment with the shortest resdence time
is most Smilar to the hilldope chemidtry, suggesting thet a
smple mode dructure, with few reservoirs, may be
appropricte a this dte. By contradt, a the site with the
longest residence time, the greastest difference is observed
between stream and hilldope chemistry, suggesting that
more resarvoirs are needed to modd the catchment. The
organizing principle in designing the structure of coupled
hydrologic and biogeochemica modes is to choose
reservoir Size that matches residence time with the rate of
kinetically constrained biogeochemical reactions.

*

U.S. Geological Survey

*k

Dept. of Forest Engineering, Oregon State University
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Linkage between Fluvial Sheetsands and Their Time-Equivalent
Shoreline and Shelf Sands, Mesaverde
Group, Wyomingand N. Colorado

Ron Steel”

A 350km long, dip-oriented transect of correlated
Campanian strata, in a 7 my time interval, from Rock
springs in Wyoming to Sand Wash Basin in N.
Colorado, was presented. The transect shows how a
sandy fluvia succession in the updip region transits to
muddy coastal-plain, sandy shoreline, and eventually
shelf deposits basinwards.

In the middle reaches of the transit there are stacked,
wave-dominated and deltaic tongues (20-40 m thick)
that reflect more than 20 high-frequency, regressive-to-
transgressive shelf transits, with transit distances up to
50 km. Regressions typically occurred during stable-to-
faling relative sealevel conditions (FSST), whereas
subsequent transgression reflects a rising relative sea-
level change (TST). Faling relative sea level during
shoreline progradation is strongly implied by the great
progradational distances and by the occurrence of
incised valleys in the shoreface lithosomes.

In the updip or proximal reaches of the transect there
are subaerial erosion surfaces in the fluvial succession
that reflect times of shoreline regression farther
downbasin. These surfaces strongly suggest by-passing/
partitioning of sandy sediment down from the coastal
plain to the shoreline region. Subsequent shoreline
transgression is represented in the updip region by the
accumulation of first fluvial and then estuarine deposits
on top of the erosional sequence boundary. The stacked

R/T shoreline transits are thus represented updip by
unconformity clusters and by an autocyclic,
backstepping fluvial-to-estuarine facies unit between
each major erosion surface. The shoreline units are
deeply valleyed at times by erosive sequence boundary
surfaces.

In the most basinward reaches of the transect, in an
apparent distal shelf location, there occur shoreline
bodies that are tidal dominated, with their proximal
reaches overlying the erosive sequence boundary. These
shoreline bodies have a lower portion that is regressive
but markedly aggradational, and an upper portion that is
transgressive. The basinward location of the bodies,
their position with respect to the sequence boundary,
their tidal character and the nature of their shoreline
trajectory all suggest that these bodies are lowstand
shorelines positioned near the regressive maxima of the
350 km transect. They may be tide-dominated because
they accumulated during rising relative sea level, but at
the same time onlapped an irregular, embayed lowstand
coastline that had been earlier created by the sequence
boundary.

The long Cretaceous transect thus illustrates how (1)
faling relative sea level created updip erosion and
contemporaneous downdip forced regressive growth of
wave-dominated strandplains and deltas, and (2) rising
relative sea level created initial continued regression of

University of Wyoming

0 1920



the shorelines (but now in atide-dominated setting) and  fundamental R/T transitsis of the order of 2-400K years
subsequent transgression. Transgressive shelf deposits (4th-order), whereas the stacking of such tongues
eventually overlie transgressive estuarine and fluvial generates larger-scale (3rd-order) clastic wedges.
depositsin the most updip regions. The time scale of the

0 1930
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Riparian Vegetation Controls on Braided Stream Dynamics

Karen Gran®

Riparian vegetation can significantly influence the
morphology of a river, affecting channel geometry and
flow dynamics. In channels formed in non-cohesive
material, vegetation is the main source of bank cohesion
and could affect the overall behavior of the river,
potentially constraining the flow from a multi-thread
channel to asingle-thread channel. To examine the effects
of riparian vegetation on streams formed in non-cohesive
material, we conducted a series of physical experiments
a the St. Anthony Falls Laboratory. The first set of
experiments examines the effects of varying densities of
vegetation on braided stream dynamics. Water discharge,
sediment discharge, and grain size were held constant.
For each run, we alowed a braided system to develop,
then halved the discharge, and seeded the flume with
afafa (Medicago sativa). After ten to fourteen days of
growth, we returned the discharge to its origina vaue
and continued the run for 30-36 hours. Our results show
that the influence of vegetation on the overall river pattern
varied systematically with the spatial density of plant

stems. The vegetation reduced the number of active
channels and increased bank stability, leading to lower
lateral migration rates, narrower and deeper channels,
and an increase in channel relief. All these effects
increased with vegetation density. Vegetation aso
influenced flow dynamics, increasing the variance of
flow direction in the vegetated runs, and increasing scour
depths through strong downwelling where the flow
collided with relatively resistant banks. This oblique bank
collison provides a new mechanism for producing
secondary flows. We found these bank collision driven
secondary flows to be more important than the classica
curvature-driven mechanism in the vegetated runs. The
next set of experiments examines more closely how the
channel pattern evolves through time, alowing for both
channel migration and successive vegetation growth. In
these on-going experiments, vegetation is reseeded
following repeat high flow events, smulating the natural
process of vegetation encroachment on the floodplain and
channel.

University of Washington
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ERC routine data unit conversion program (sample.bas)

.

open “d:\data\temp\D98-04.dat" for input as #1 ' data file name

for DAYN=1 to 31
for TIMEl =1to 24

input #1, RECORDN
IF recordn < 0 THEN LINE INPUT #1, dummy$: GOTO 11 :

FEE, BK R/MERZE R LT T2 DMNEE.
LERLZDSA 2 ilE

input #1, YEAR, MONTH, DAY, HOUR, D, Ul, U2, U3, UW1, UW2, UW3
input ¥1, WTI1, WT2, WT3, RN, G, T1, T2, T3, ST1, ST2, ST3, ST4
input ¥1, GW1, GW2, GW3, TD1, TD2, TD3, E, P, ET, AP, U4, AUX, N, ST

‘#H#### data unit conversion from mV (or V) to physical unit in SI ####HHEHEHEEHHE

D=D/1.

Ul =U1/100
U2=U2/100
U3=U3/100
U4 =U4/100

UWI1 = UW1 /10000
Uw2 =UW2/ 10000
UW3 =UW3/ 10000

WTI1 =WT1 /10000
WT2 =WT2/ 10000
WT3 = WT3 /10000

1=1/10
RN=RN/10
Gl=G1710

TI=T1/10
T2=T2/10
T3=T3/10

TD1 =TD1/10
TD2=TD2/10
TD3=TD3/10

STI=STl/10
ST2=ST2/10
ST3=ST3/10
ST4=ST4/10

GW1=GWI1/1000
GW2 =GW2/ 1000
GW3 =GW3/ 1000

E=E/100
ET=ET/ 100
P=P/10
AP=AP/10
AUX = AUX /1
N=N/10

~'wind direction in degree

:'wind speed at 1.6 m (nvs)

:'wind speed at 12.3 m (avs)

:'wind speed at 29.5 m (m/s)

'wind speed at 30.5 m at the top of tower (m/s)

’momentum flux at 1.6 m (m/s)*2
'momentum flux at 12.3 or 29.5 m (m/s)*2
’momentum flux at 29.5 m (m/s)*2

'sensible heat flux at 1.6 m (degreeC m/s)
'sensible heat flux at 12.3 or 29.5 m (degreeC nv's)
'sensible heat flux at 29.5 m (degreeC m/s)

Ishortwave radiation (W/m2)
’net radiation (W/m?2)
'soil heat flux (W/m2)

:‘air temperature at 1.6 m (degreeC)
:'aic temperature at 12.3 m (degreeC)
““air témperature at 29.5 m (degrecC)

:‘dew point temperaure at 1.6 m (degreeC)
<'dew point temperaure at 12.3 m (degreeC)
I'dew point temperaure at 29.5 m (degreeC)

:"soil temperature at -0.02 m (degreeC)
:'soil temperature at -0.10 m (degreeC)
:'soil temperature at -0.50 m (degreeC)
:’soil temperature at -1.00 m (degreeC)

:‘ground water level at -2.2 m (m)
:'ground water level at -10.0 m (m)
:'ground water level at -22.0 m (m)

:'pan evaporation (mmvhour)

'lysimeter evapotranspiration (mm/hour)
:'precipitation (mmv/hour)

"air pressure (hPa)

HE:9SFECA 2B LLAID T —F TIX10THID
HE:954E6 A 22 A LLRI D F —F TIXI0TEID

'sunshine duration (min)

if D >33 and D' <= 213 then UW3 = UW2: WT3 = WT2 :This line selects those data from sensor better exposed to wind

sonic sensor for UW-3 and WT-3 is at 29.5 m facing SE while that for UW-2
and WT-2 are also at 29.5 m but facing NW, starting August, 1997.

' HHEHEHERAE User Peogram #EHE AR

next TIMEL
NEXT DAYN
end

F1H

V—F Y7 — % % basic program THARATYWHEREICLTHEL THET L2000

¥ VT urF L (sample. bas)
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