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Spatial Distribution Properties of Water Quality of Spring Water and River Water
in Nasu Fan, Tochigi, and Comparison of Simple Water Analysis Methods
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Abstract

Hydrological survey was performed in Nasu Fan, Tochigi prefecture on 30th and 31st
Oct, 2008, especially focusing on the region around the Sabi River. Fifteen samples were
taken (3 of them were river water samples, 11 of them were spring water samples and
one of them was groundwater sample), and water temperature, pH, EC, and major ions
including NO; ~ were analyzed for all samples. Also, water discharge was measured at
the river and springs. By comparing the water quality of river water and spring water, it
is clear that Sabi River recharges surrounding groundwater. Also NO;-N concentration at
every site was lower than the standard value of environmental criteria and there was no
obvious water pollution. Three different methods were applied for comparison with ion
chromatography, and the all methods were useful to investigate the relative comparison of
NOs-N concentration in the field.
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Subsurface-Water Flow around Shallow Landslides

on Conglomerate and Tuffaceous Mudstone Areas

in Hidaka Region, Hokkaido, Japan
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Relationships between the Equotip Hardness and the Depth of Micro Depression
by the Repeated Impact Method

R BT EHAR S AT RN

Wataru NAKAIE, Hisashi AOKI ", Yuichi S. HAYAKAWA
and Yukinori MATSUKURA
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TCw5 (Aoki and Matsukura, 2008). = ®3#
BRI X DM EARE LiEE ORI S
POBRIEDS B Z LRI NL. £ TR
FTIX, Ta—F v TOHEITRERIER I NS
WUNEADRSEZFHIIL, LiEE OBREZEREN
BB L, BT TR S NA NORIE D B % B &
MWICTHIEEHNETS.

I AILERZRWVEIO—F v 7TRHE
EEMNEHRS

1. B AL

ITa—F v 7HEITHBRIC LD LIEE EARGES
OFHANCIX, ANTEATHW. Zo#ii:, 2
DFEHIMER O B\AE THEED T > b1 — )V AYI] RE
Thl), Lrdbra—F v TOIRIZIDERS
NDLEADBRENESD 72D THAH. NTEAIR
WAV AZ U A (b—TF—FTFF
BRASHE) 2 HWTER L. Tovxr M
LR 2559 30 70 £ B, T AF v 7 BHOM
B2t LiA&, 15em X 7em X Scm DIIITES
ROBEAEEER L7z, M2 27K 0= L RS

Table 1

LR AZEZ 52 125D, HREO®E ) K
% 3MAEAERC L 72, PERC L 70 N DL #E bR BE
S. (Compressive Strength, LS. & 95) 13,

EAE1.95 cm, 5 & 4.0 ~ 4.5 cm O PR GE
HH TV 6 RO L T, — AR
LoTkoD, MEONIVERPLLIEIZ, AT
HA1 (S =239MPa), ANL&EH2 (S, =254
MPa), ANL#&H3 (S, =392 MPa) &I £
7RG RAERIZ X ) GRS 2 Ko7z, MathRs
(Brittleness index) IV oakld 8 ~ 9 FLEE
Thl), BHREAODOMEMEE 5 ~ 25 (Sunamura,
1992) OHFFANIZdH 5 (Table 1).

2. FHRIAEEFIE

T a—F v 7 (Fig la) OFBERTTTH D
FvTOESIEBEZ400um &> TnAE, T
GLHHITETRE S N AN EADE S ITRK
T 400 um &/hE W (Fig. 1b). Fig. Ic T AT
B % 20 ERTE L R0, SAREEORK
FTThbH., FvTOHRKERML T, HAEMHE
RORENTHEDZE b OEADERE LTV
L. BAOBIZIE, EAVIMPEYDHELTETY

Test samples and the results of L —value, D—value and UCS —value

* after Aoki and Matsukura (2008)

Limit rebound Limit depth of Unconfined Tensile Brittleness

value micro depression compressive strength strength index

Lmax D max (um) Sc (Mpa) Sl (Mpa) Sc / Sl
Artificial rock 1 725 175 23.9 2.9 8.4
Artificial rock 2 735 146 254 2.8 8.9
Artificial rock 3 761 116 39.2 49 8.0
Brick 1 789 78 74.0 5.2 14.2
Brick 2 782 74 45.0 32 14.1
Brick 3 737 132 22.7 2.9 7.9
Brick 4 756 152 27.7 4.7 59
Brick 5 667 247 16.3 2.5 6.5
Gabbro (Tsukuba) 915 4 152.7% - -
Granite (Inada) 897 0 162.7* - -
Granite (Makabe) 923 0 175.1% - -
Sandstone (Choshi) 741 77 72.2% - -
Sandstone (Aoshima) 773 68 101.5%* - -
Tuff (Shirakawa) 806 84 59.7% - -
Tuff (Oya) 691 162 15.5% - -
Limestone (Okinawa) 774 30 24 8% — —




(b)

Depth of micro depression

Fig. 1 (a) Schematic design of the Equotip

impact (After Aoki and Matsukura, 2008)
(b) Pattern diagram of micro depression
(c) Closeup view of micro depression
on the artificial rock surface after the
impact by Equotip measurement
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Fig. 2 Changes in Equotip rebound value (L) and the depth of micro depression with

repeated impacts
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A Review of Studies on Slope Development Using a Space-Time Substitution Approach
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Reproducibility of Past 20 Years Climate Using Dynamical Downscaling Method and
Future Prediction of Snow Cover in Winter
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Abstract

This study conducted dynamical downscaling for Japan using a regional atmospheric
model (TERC-RAMS) to create the spatially detailed meteorological data for the impact
assessment of global warming on the surrounding fields including farming and
hydrological cycle. In the first half of this paper, the downscaling for past 20-years climate
was conducted and compared with the observational data. The simulated temperature
was higher (lower) than the observed one in summer (winter) season, although the bias of
temperature in most areas was less than 1C throughout year. Precipitation calculated by
the model tended to overestimate, except for the summer rainfall in Kyushu and Okinawa.
However, the simulated climate by the model was able to reproduce the past climate. In
the second half, the snow cover change in 2070s was estimated by using the pseudo global
warming method with regard to the low and high snow-cover years. The model results
showed that the snow cover decreased over a large area. The snow cover in the low snow-
cover year remained only in a part of Hokkaido. The snow cover in the high snow-cover
year was limited in the regions with an altitude higher than 500 m. This result agrees with
that of Hara et al (2008). This study indicates that TERC-RAMS is available to predict
inter-annual variation of snow cover. However, the results suggest that the simulation on
the coarser horizontal resolution tends to underestimate the amount of snow cover and

overestimate the impact of global warming on snow cover change.
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| Introduction

Temperature rising following the increase of
anthropogenic green house gases was observed
all over the world. The Intergovernmental Panel
on Climate Change (IPCC)'s 'Fourth Assessment
Report (AR4)' shows the results of future climate
projections estimated using general circulation
models (GCMs), based on several future emission
scenarios involving greenhouse gases and aerosol
precursor (IPCC, 2007). Most of them indicated
the global warming trend would continue.

Surface temperature had increased at rate of
1.11C per 100 years, during the 111 years from
1898 to 2008 in Japan (JMA, 2008). It is suspected
that the global warming causes not only a
higher frequency of extremely hot days and a
change in the distribution of precipitation, but
also influences on farming, fishing and forestry.
Recently, a lot of papers have reported on the
impacts of global warming on surrounding
fields, such as those mentioned above, using
future climate data projected by GCMs. However,
the following problems with this approach
are worth noting. The first one is a scale gap
in spacial resolution between GCM and the
impact assessment. For example, climate data

with at least 1km or 10km resolution is needed

to evaluate crop productivity in future climate
(Iizumi et al., 2008; Okada et al., 2009), while
the resolution of GCM is mainly 250km. The
second one is that the important variables for
the assessment fields are not always provided in
appropriate frequency. This is because the saving
frequency is not enough and the saved variables
are limited due to storage limitation, since the
GCM output needs too large content to save. In
such a case, impact assessment researcher must
estimate the needed value using another valuable.

Dynamical downscaling and statistical
downscaling methods are utilized as methods for
bridging the gap between GCM and the impact
assessment study. Both are the methods for
estimating spacial and temporal high resolution
data from the coarse resolution data of GCM.
Our study carried out dynamical downscaling
simulation with a regional climate model, in order
to create detailed meteorological data in the future
for Japan. We will evaluate the reproducibility of
past climate in the simulation in section III. Then,
we perform the future climate simulation of
snowfall and snow cover, which are important as
water resource, in 2070s and discuss the projected

change of distribution of snow cover.



[l Data and method

1. Dynamical downscaling simulation with using a

regional climate model

The Terrestrial Environment Research Center
(TERC) Regional Atmospheric Modeling System
(RAMS) (Sato et al., 2007; Inoue and Kimura,
2007) was adopted for the climate simulation.
The original RAMS was developed by Pielke et
al. (1992). Model settings are described in Table 1.
The model domain has 130 x 140 grids with a 20
km horizontal interval, and covers the while of
Japan as shown in Fig. 1. The vertical grid system
is terrain following coordinate system, which has
30 layers with depth of 65 m at the lowest layer
and stretching depth at maximum of 1100 m.
Arakawa-Schubert convective parameterization
(Arakawa and Schubert, 1974) and microphysics
parameterization (Walko et al., 1995) were used
to calculate precipitation. Fluxes between air and
land at ground surface were evaluated by Louis
(1979). Soil and vegetation temperature, moisture

are calculated by the soil model developed by

Table 1

Tremback and Kessler (1985) and the vegetation
model constructed by Avissar and Pielke (1989).
The calculation of longwave and shortwave
radiation was done by following the Nakajima
radiation scheme (Nakajima et al., 2000).
Numerical simulations were conducted for

two cases listed in Table 2. First case involves

Topography

1500
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27N 200
(m)

24N

123E 126E 129E 132E 135E 138E 141E 144E 147E 150E 153E
Fig. 1 Calculation domain. Horizontal grid
number is 130 x 140 grids with a 20 km
horizontal interval. The inside square
indicates the illustrated area in Figs. 3-5.

Description of regional climate model

Horizontal grid

130 x 140 grids

Center coordinate 137.5° E, 36.0° N
20 km horizontal resolution

Vertical grid

30 layers with 65 m thickness in lowest layer,

maximum thickness is 1100 m

Soil layers

0.00, 0.02, 0.11, 0.18, 0.30, 0.50, 0.70, 0.90, 1.80, 2.50,

2.75 m below ground
Vegetation type Tall grass
Soil texture Silt loam
Sea surface temperature 10 days mean SST of JRA25

Table 2 List of numerical experiments

Run name Calculation Period
CTL20 Hindcast using reanalysis data (JRA25/JCDAS) 1985-2004
PGW-LS Pseudo global warming experiment in low snow-cover year 1993

PGW-HS Pseudo global warming experiment in high snow-cover year 2000




a 20-year present climate simulation (CTL20)
from January 1979 to December 2004. Japanese
25-year ReAnalysis (JRA25)/JMA Climate Data
Assimilation System (JCDAS) (hereafter JRA
together) was used for initial and boundary
conditions (Onogi et al., 2007). Atmospheric
boundary data was given by a 6-hourly
interval with 1.25 x 1.25 horizontal resolution,
including variables of: RH (relative humidity), T
(temperature), U (the x-component of velocity),
V (the y-component), and Z (elevation). Sea
surface temperature (SST) on T106 Gaussian
coordinate was converted to 1.25 x 1.25 lat/lon
coordinate and averaged over 10 days. During the
simulation, SST was replaced in an interval of
10 days to next one. The 20-year simulation was
calculated by 60 time-slice experiments. Each
simulation period was 6 months; from November
to April, from March to August, and from July
to December. The first two months are a spin-up
period and the last four months are analyzed.
The second experiment is a future climate
simulation. In this study, the Pseudo Global
Warming (PGW) downscale method was adopted
(Kimura and Kitoh, 2007; Sato et al., 2007; Kawase
et al., 2008) instead of the direct downscaling
method. The difference between the two methods
relates to how they provide the boundary
condition. The PGW data is obtained by the
reanalysis data adding the difference between the
monthly mean of future climate in the 2070s and
that of present climate in the 1990s simulated by
GCM. The climate data used in this study was
gained from the MIROC-medres output following
the A2 scenario, provided from the World
Climate Research Programs (WCRP) Coupled
Model Intercomparison Project (CMIP3) multi-

model dataset. The A2 scenario is one of the

future emission scenarios in IPCC Special Report
on Emissions Scenarios (SRES). The scenario
assumes that social economy will develop under
the concept of self-reliance and preservation
of local identities. Four dimensional data
assimilation by the newtonian relaxation method
was applied to all experiments to avoid the bias
of calculated variables in a regional climate
model. The outermost 8 grids were nudged with
a 10 minute time constant, while the inner area

used the weak nudging time constant of 5 days.

2. Validation tool for model results

The evaluation tool for past climate
experiments was developed by Tanaka (2008).
The tool calculates model biases of temperature
and precipitation on every prefecture or river-
system basis. That enables us to check the model
biases as mosaic map. The observation data
provided by the Automated Meteorological Data
Acquisition System (AMeDAS), distributed with
an interval of about 17 km throughout Japan,
was used as an evaluation data. In the first stage
of the tool, the AMeDAS station located in each
model grid is detected. If several AMeDAS
stations are found in a certain grid, the average
of the usable data except for missing data is
defined as the evaluation data. When there is
no observation point in a model grid, the grid is
excluded from the validation process.

In the second stage, the model biases are
calculated. From both model and observation
data, the 20 year means of monthly temperature
and monthly accumulated precipitation are
calculated, when both data are available. The
model temperature is corrected for the difference
of elevation from the observation point. The

bias of temperature is defined as the difference



between the monthly mean temperature simulated
by model and the one provided from actual
observation. The bias of precipitation is a ratio of
the monthly accumulated precipitation calculated
by the model to one provided via observation.
Il Reproducibility of present climate
The biases of 20 year means of simulated
temperature and precipitation are shown in Fig. 2.
The prefecture with the negative bias more than
—1 and —0.1C are shown by white and light
gray, respectively, while one with the positive bias
more than 0.1 and 1T are indicated by gray and

dark gray, respectively. The temperature in winter

Bias of Temp at prefecture
MODEL=TERC—RAMS_ver1_1985-2004

(a)

has negative bias, while the one in summer shows
positive bias. However, the biases in most areas
are limited to 17C, except for June, November, and
December (Fig. 2a). There are higher temperature
biases in Hokkaido and Tohoku regions in
January and February. The reason presumed for
this is that the model weakly estimates the effect
of radiation cooling enhanced by snow cover.
The bias of precipitation is indicated in
Fig. 2b. The color shows the ratio of model
to observation. White and light gray mean
underestimate, while gray and dark gray
indicate overestimate. The TERC-RAMS tends to
underestimate precipitation in Shikoku, Kyushu,

and Okinawa in Baiu-summer season, that is

Bias of Rain at prefecture
MODEL=TERC—RAMS_ver1_1985-2004

(b)

Okinawa
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Fig. 2 Biases of 20 year means of (a) simulated temperature and (b) simulated precipitation by
TERC-RAMS. The bias of temperature is defined as the difference between the monthly
mean temperature simulated by model and the one provided from observation. The bias
of precipitation is a ratio of the monthly accumulated precipitation of model to the one

provided from observation.



eguivalent to about half of the observations. This
is because the model reproduces a relatively small
amount of rain associated with the baiu rain
band and typhoons.

The temperature bias has seasonal dependence,
however the dependence of the bias on prefecture
is small. In addition, the precipitation bias is
small throughout Japan. Thus, the climatology
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estimated by model was able to reproduce the
present climate, although the simulated results

include the biases described above.

IV Future prediction of winter snow
cover change

Fig. 3 shows the observed and simulated

Present Clim. 24JST 28Feb1993

ow cover
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Fig. 3 Observed and simulated snow cover at 24 JST on 28th February in the low snow-cover
year (1993) and the high-snow cover year (2000); (a) and (b) observed by AMeDAS and (c)

and (d) simulated by TERC-RAMS.



snow cover at 24 JST on 28th February in the
low snow-cover year (1993) and the high snow-
cover year (2000). The temperature in the low
snow-cover year was 1 ~ 1.5C higher than the
one in the high snow-cover year (Fig. 4). Snow
cover depth of model was calculated from the
water equivalent of the snow cover under the
assumption that snow cover density is 300

3
kg/m’. In the low snow-cover year, Snow cover
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was distributed from Hokkaido to the Chugoku
region, while the areas with snow cover of more
than 100 cm are limited to part of Hokkaido,
Tohoku, and Hokuriku (Fig. 3a). In the high snow-
cover year, the area with snow cover of more than
100 cm is widely distributed in the Sea of Japan
side. The snow cover evaluated by the model is
largely underestimated compared to AMeDAS,

both in low and high snow-cover years. This is

Surface Temp at 1.5m
Present Clim. Year=1993

(c)
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Fig. 4 Seasonal averaged temperature in DJF in the low snow-cover year (1993) and the high snow-
cover year (2000); (a) and (b) observed by AMeDAS and (c) and (d) simulated by TERC-RAMS.
The plus signs in (a) and (b) indicate the stations with temperature more than 4C.



because the 20km horizontal resolution of RAMS
has a lower peak of elevation and cannot express
detailed topography. The smooth topography
makes the ratio of snow to rain decrease and
the snow more soluble. However, RAMS can
reproduce the characteristics of interannual
variation in each year.

The difference of snow cover between the
CTL run and PGW run is shown in Fig. 5, which

Snow cover Future Clim. 24JST 28Feb1993
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equals snow cover change in the 2070s compared
with the 1990s. A decrease of snow cover is
detected over a large area. The snow cover of
the PGW-LS run (Fig. 5a) remains only in a part
of Hokkaido. The PGW-HS run indicates snow
cover in the high snow-cover year is distributed
in Hokkaido, Aomori and Hokuriku, although
snow cover in Honshu island is less than 10 cm

and decreases about 50 cm from the CTL run.

Future—Present 00Z 28Feb1993

(mm)

C

130E  132E 134E 136E 138E 140E 142E 144E 146E

Snow cover Future—Present 00Z 28Feb2000

44N
42N

40N

38N
38N
34N

(mm)
32N @

(d)

130E 132E 134E 136E 138E 140E 142E 144E 146E

Fig. 5 Snow cover in future climate of 2070s simulated in (a) PGW-LS, (b) PGW-HS, and snow
cover change in (c) the low snow-cover year and (d) high snow-cover year.



The areas with snow cover in the 2070s (Figs. 5a
and 5b) are confined to regions with an altitude
higher than 500 m. This result agrees with that of
Hara et al. (2008). However, the impact of global
warming on the amount of snow cover (snow
cover change from the CTL run to the PGW run)
is extremely large compared to Hara et al. (2008).
It is speculated that coarser horizontal resolution
evaluates smaller snowfall, and smoother
topography enhances melting of accumulated

SNOW.

V  Conclusion

This study conducted downscaling simulation
of past climate in Japan during 20 years from
1985 to 2004, using the TERC-RAMS with a
20km horizontal resolution. The simulated
temperature was higher than the observed one
in summer season, while the temperature in
winter was lower than observation. However,
the bias of temperature in most areas was
less than 1 throughout year. Precipitation
calculated by RAMS tended to overestimate,
except for the summer rainfall in Kyushu and
Okinawa. However, the simulated climatology
could reproduce the past climate. The snow cover
change in 2070s was estimated by using the
pseudo global warming method with regard to
the low and high snow-cover years. The RAMS is
available to predict inter-annual variation of snow
cover although the amount of calculated snow
cover was lower than observation. The reason
for this is that the topography of the model is
smoother than the real topography and is thus
unable to express detailed land shape. Our study
suggested that coarse horizontal resolution and

smooth topography in the model overestimate the

impact of global warming on snow cover change.
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Physical and Mechanical Properties of Ryukyu Limestone in Kuro-shima and Taketomi-jima

in Yaeyama Islands, Okinawa, Japan
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H1% —dhERREA AR OWHE - T E

. . - . - Longitudinal Uniaxial
No. Diameter Height Weight Density Porosity wave velocity compressive
strength
mm mm g Mg/m’ % km/s MPa
Kuro—shima
K1 35 71 154.4 2.33 13.8 54 17.9
K2 35 71 156.1 2.34 13.3 5.3 23.8
K3 35 71 158.4 2.38 11.9 5.5 18.8
K4 35 69 150.2 2.32 14.2 5.3 24.1
K5 35 70 157.1 2.39 114 53 294
K6 35 69 156.0 243 10.0 5.5 37.9
K7 35 68 149.2 2.34 134 5.5 22.6
K8 35 70 158.6 2.44 9.8 5.7 34.1
K9 35 70 152.5 2.32 14.2 5.5 16.4
K10 35 70 157.0 2.37 12.2 54 23.5
K11 35 66 138.4 2.23 17.4 4.7 54
K12 35 70 149.4 2.28 15.6 5.2 11.2
Max. 35 71 158.6 244 17.4 5.7 379
Min. 35 66 138.4 2.23 9.8 4.7 54
Average 35 70 153.1 2.35 13.1 54 22.1
SD* 0.04 1.5 5.7 0.06 2.2 0.2 9.1
Taketomi—jima

T1 35 69 146.1 2.25 16.7 4.9 18.0
T2 35 70 1524 2.34 13.5 5.2 24.5
T3 35 70 148.1 2.26 16.3 5.0 10.6
T4 35 70 153.2 2.35 13.0 5.2 22.6
T5 35 70 155.3 2.36 12.8 5.1 22.9
T6 35 70 152.0 2.31 14.5 5.1 18.1
T7 35 70 147.8 2.27 16.1 5.0 244
T8 35 70 150.4 2.29 15.1 5.2 23.0
T9 35 70 152.5 2.32 14.2 5.2 21.2
T10 35 70 148.8 2.28 15.6 5.1 24.2
TI1 35 70 149.9 2.29 15.1 5.2 26.1
TI12 35 69 148.0 2.29 15.0 5.1 18.8
Max. 35 70 155.3 2.36 16.7 5.2 26.1
Min. 35 69 146.1 2.25 12.8 4.9 10.6
Average 35 70 150.4 2.30 14.8 5.1 21.2
SD* 0.00 0.4 2.7 0.03 1.3 0.1 4.3

* Standard deviation

MEEBEFNZENOERIZOWT 5.4-37.9 MPa X, TEBEOEADHPIEEDEII/NEVLD
(3F3#5 : 22.1 MPa), 10.6-26.1 MPa (*F35 : 21.2 O, FHEIXIZEAEEDST, ERTIRBE L
MPa) Toh -7z, T/, EHFIEBEFIIZNZ MEDHATIELDE - FHMHELE HIFITFEL V.

13.0-7.3 MPa (*F35 : 54 MPa), 2.1-7.3 MPa (°F — BRI B X OEZG [IREE 2OV Tt M
¥ 142 MPa) THorz. —HEMHBREIZONWT AT o TAER, BREAKMES% TED LW L AR



23 ERGIREEBA AR OWHE - it E

No. Diameter Height Weight Density Porosity srlt‘fgnsélt%
mm mm g Mg/m’ % MPa
Kuro—shima
ki 35 35 78.2 242 10.5 52
k2 35 35 80.5 244 9.8 7.3
k3 35 34 78.3 243 10.2 6.4
k4 35 35 74.9 231 14.3 54
k5 35 35 78.1 2.37 12.0 6.4
k6 35 34 74.8 2.32 14.2 3.0
k7 35 35 78.0 2.37 12.2 33
k8 35 35 78.7 241 10.7 6.4
k9 35 35 78.0 2.39 11.3 6.8
k10 35 35 78.0 2.36 12.6 52
kil 35 34 72.7 2.29 15.1 4.5
k12 35 34 74.1 2.33 13.7 4.9
Max. 35 35 80.5 244 15.1 7.3
Min. 35 34 72.7 2.29 9.8 3.0
Average 35 35 77.0 2.37 12.2 54
SD* 0.00 0.5 2.3 0.05 1.8 14
Taketomi—jima

tl 35 34 73.5 2.29 15.2 43
t2 35 35 70.5 2.18 19.4 2.6
t3 35 34 70.1 2.18 19.2 32
t4 35 36 75.2 2.24 17.1 43
t5 35 35 69.2 2.14 20.7 2.1
t6 35 36 75.3 2.23 17.3 34
t7 35 34 73.9 2.35 13.1 7.3
t8 35 34 74.1 2.31 14.5 39
t9 35 35 74.5 2.27 15.8 34
t10 35 34 76.5 2.38 12.0 6.3
tll 35 34 74.7 2.35 12.9 5.7
Max. 35 36 76.5 2.38 20.7 7.3
Min. 35 34 69.2 2.14 12.0 2.1
Average 35 35 73.4 2.26 16.1 42
SD* 0.00 0.7 24 0.08 2.9 1.6

* Standard deviation

SNz, L7eioC, BEBLIUOMEBICHAT
BHIERAIRE DT FHEEIZIZIZFELWEEZD
nN5.

SROREBMERE, RGN TV Do
RERRERE EDIZEIRICFT LD/, — WM
BEIZOWTUE, #Hidk - A (1975) & Kogure
et al. (2006) HENZNHBREEIT> TV 275,

REDIXSE D EDMRIT4SEORBER L ) KE
v 2, BB otk e HvTwnas 2
ERERTHEEEZ 61D, F72, Kogure et
al. (20060) DHEIXRE S ORZG 2 HRMK, K,

NS WK (R 10 mm, 5 X 20 mm O fHE)
*HWTHBEAToTBY, 2O EPRAEEY
KELL, DWTET—7DIEL2EZ 2 KELT
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HLIFERE o TOB RSN H LD, L L, GhE
D% R A &, Kogure et al. (2006) Dtk
R L SHORBRERICKELEIZDSNT,
COZEPLMMBELEE - TEBIIHAT A5
ARG OEEIZIZIZFELWEF 2 5. JIREE
IZDW Tk, Maekado (1991) 7Syiiff ke D HiBk
FIRED S 7 ZTEE - 8 S 75530 mm O PR
fha FWCHERT RAER Z 1TV, 3.9 MPa &\
FEERT WD, Z OMEIXS RO FEZE R
DR EIFIFHE LW LD, ERMBE & R
2, BERAIKE O BRIGE b B8 - rE R L i
BETIRHIFELVWEEZONS.

5 IBRIREE (253 A JEMRREE O I CTd 5 i tERE A
REWIIE, BIEROLEIV/N S VIR L
ZL, MEVIIEBIEROETEAK E WIERE
AT~ E A OB 5-25 O
FICIESD &, FHE LTI 10RIFEZ LS (18
A, 2008, p.59). SEIORERIC & 0155 N7z E
SREE B L OV IR O T % A v CHEtERE % 5
"By 5L, BEORKAIKSOIEE L 4.1, 17
BEEOEATIZS0E o7 Lzh-TC, BE -
& B OWMERA KA IO — B a0 & iR L
T D /NSBEHELRL WD, 2t
B OREA KA DY DN TR TV B /NE (T
72 (2005) O & —FT 5.

A )

SRORBAEREF L0 L, UTOL) Ik
5. BEBIUMERICGAT 2 MEKAIKE DY
B IRIZIEE L. T, BRI S
NTWLREBERE BT S L, B - TEEOD
BiERA K O - TR, DR -
B AEBIOMT AImEAIRE L ITITEL W
EEZoNL. LIzd->T, BE -MERIZBIT
B GRERA K 5 D FREEZ B3 5 SRR R O E 12
13, Kogure et al. (2006) 73R L7\ % @H§
HIENTEALEEZLNS.

SHOTEIZL T, MHBELE A IZHHT 5
TERAIKA T o Th, W - TR Lo
B CHBEOR X B4 ORI S L 1FIE58 L
WZ EDShbhol Stk BERRIKEOWIEIZD
WTOFEBRA RV EBIZB W CEE O F @A LT
LAY AEIIE, TORBTHRNL A% Hw
THEZAT) S HREOHETHAH. L
L, bLZ0 L) RBAREETH 26121,
Kogure et al. (2006) 7R 7=z #3252 &
WX, BBIZOEZHAL I LB TELDTI
Twpklbins,

Eir3

ARFFEZAT )AL, PR 19 4 AR R
FEBI D — & A L7z

3k

NETW - FAR A -EM R BRERE
(2005) : BRERAIK £ O —BE AR L2 52 5
SRR E AT RE. ISHME, 46,
2-8.

Frmpe s - AT —= (1975) @ BRERA KRS O i
BREEIZOWT, IERRF R s,
22,269-2717.

ERE (2008)  [HHAN - H9 <D DF5:
7 a v 2 AM ] FUkRF RS, 162p.

Kogure, T., Aoki, H., Maekado, A., Hirose, T.
and Matsukura, Y. (2006): Effect of the

development of notches and tension cracks

e

on instability of limestone coastal cliffs in the
Ryukyus, Japan. Geomorphology, 80, 236-244.
Kogure, T. and Matsukura, Y. (in press): Critical
notch depths for failure of coastal limestone
cliffs: Case study at Kuro-shima Island,
Okinawa, Japan. Earth Surface Processes and

Landforms.



southern end of Okinawa island, Japan.

Maekado, A. (1989): Some physical and
Bulletin of the Okinawa Geographical Society,

mechanical properties of the limestones in
Okinawa island. Bulletin of the Okinawa 3, 63-70.
Geographical Society, 2, 29-33.

Maekado, A. (1991): Recession of coastal cliff
made of Ryukyu limestone: Arasaki coast,
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Preliminary Report of "“C Dating of the Limestone Boulders
on Pedestals Developing on the Uplifted Marine Terraces at Kikai-jima
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I [FC®IC

ek [HHE (T AF )V - pedestals & 5
4 pedestal rocks) | 1&, FHHOHEHOKI O

YL REICKITIC Xk o THI b2 [IK aENR—T

XY b bz, EFA (erratics) DREDD &
THEMBESIEEINTLOOMENITEALTH -
72 (72 21X, Williams, 1966; Sweeting, 1966;
Peterson, 1982 72 &). ZD X ) HHEEIIBW
Tid, 208 SHMIKLEBIE S TORRIZ, €
DREBORIKEDEGE S NI ITHL T B 2 &1
b, o T, ZOE 2K IEDRH Thr¢
52 EIC&y, P EMT EE (AR
PEHEINS. L, BElEe (2005) B
£ O Matsukura et al. (2007) &, 2D X9 %*k
FHO T S NS HRE L X8R 2D
BESEHE L. bbb, EREOREEY
THED S 7 HHERE E FICTER S L Tw b B
L, AEEORES EEEOBEKRENRL »
5, BEOVH R T #E % 205 mm/ky &

WE L, COMER, 2E2IEM YT 0FD
AIRAENR—=T 2 2 bOKTHE (Williams, 1966;
Sweeting, 1966 7 &A% L 72 42 mm/ky) £ 1)
4 £ b .
KTADOERIAIKEVINOEETH 5705, =
REBOBRRE D G (—LHh A — P Lz
ALV BRERbIOTHLILE, RTHDOE
WEXBT B0, DKL (BB LIRS 1,
BHEE T ARy~ T L [ URIKE DS
HThb. 1EoT, FEPERS 20 LRFRKICE
BHYLAEML TOLIETTHh LY, TOEMIT
ZOREENE, TEHOBEES I R#T 2
CENTEDL, EIAT, ZOL) HEEIZV-
TonEIhS ED L) BTt A TR > I
FIZEDPNT2DOTH A ) D, HIEINESDES D
BT, EPHNELZRDLT, SREOEMEF
BRI EDEBPLBHFIET 5 2 S NT
BY, 2oL 3 EEALEEINTVwS (I2Ex
W, 4, 1996). LaL, EREOEBICET
LIEI DR L, ENOBEWADE D 1O

T R RERERE
T OBERRFE N
PN B Elves e

sefolok

Sl KRB e 5 —
R A SR
R AR TSR

— (35) —



FERTWARW, 22T, RAFZoOMEICT S
O—F L CTAhE)EER. 207 7u—F0%
B, TEkOBE A O & Rk, Bk
Tt A% #HEwmTAHOD—DODIEREED 20
(2, B R REAREE B ORI %
BIHEWIHILDOTHSLE. ZoORKE BEEEEA
JEFEIZOWT, ENENEROPOFEREIE LN
7oDT, RTINS ZRHEICHRET L2 L1
T4, AfET—2 OFREEHMIZLTED,
ERIITENGZ DO TH L. ERMEOFEM 250
R, BEEOMRIERER 70 212 OWTOEE
X, MELDTHT) FETH 5.

I EREOHF ' EHIER

BERE (BN BWHFEOHRTHLED D
UFEREEENICME L TnWD 2 s, #E 13
FAEOFHEEFRHEEDS 1.7 m/ky & HERYE O
DE XY —kikE&w (72 21X, Konishi ef al,
1974). Z O X9 G5 e A EB) A3 2 LD
ST E CTHRBE L T & 2700, St s THEE:
EREZFNL LHIEELTND. ZNLHDMKE
Y THEZ BRI E 2D 2R ), HE - #

E - RIS T 2RSS B AER ST

7 (2202 hHEIEA, 1978 5 KHIZ A,

1978 5 {2 KIx7Ax, 1998). ZOKE, ERED

RN E T 5 EFMALERE BT, &

FE1lmUTIC4 D0EEFRBOOLNTWD (5

I1X). ZnZFhoBEE0OEE, BREHBET A

v TOEN, BEEBKERITESMD S ON 5

MU T L) ITRENT WS (4 RIFp,

1998).

Ll SEH 1l m, ¥ IT0HEM6.89 ~17.76
ka, B HEAREAAT]

I - SERS50~35m, v TOFEM 391 ~
7.22ka, BItBEKEN 5.1 ~40ka

I &=ER 3.8 ~15m, oy ToHEMK3.96 ~
4.65ka, Bk 29 ~2.6ka

VI - SEM12m DT, ¥ TOEM 1.53 ~
8.07 ka, Bt BE/KAEACAHH

T 72, FERRICESEY > TR0 TOEAEFT

L7 KRHZA (1978) 12&k4ux, T, i

M OEEAKIE, #1291 6.0 ka, 3.7 ka, 3.0 ka &

ENTW5.

AL L 7o B EEE OFEE S A 3L, T HICALE

ARG AR, TEoRG M, o

129°55'E 130°E

Terrace |
E Terrace ||
[ Terrace 1
Il Terrace IV
High cliff

1-22  Study site

Kikai-jima

2004

°N
132°E

Eonl SRAEHRIG SO E  (Matsukura ef al., 2007 @ Fig. 1 #51H)



EO 4 THL (1K),

NS ORREY  THEOS R (FER) 12
&, FERAIKE DS % B SRt LR IR L 723
g2 (BEE) 7"&5Nhb. EOREIZEOHE
OEFRMTIEN 15 m, BOFFH IO {aff
FCIEA 150 m, BOHEBE O _EFEETIEA 40
mlIETHL. EFME2SZOMIX, Fizw
CIIEEORBEIIRELC AR, FZE,ID LE#HD
BHEM AT IR EEDIEITSITNS R b & wv
IEMARSNDL. BOREBPROME, LR
B WEICHLEL, G2EE (125%10°y. B.P,
Konishi et al., 1974; 220 ~ 300 x 10’ y. B.P. B &
V300 % 10° y. B. P, KilF(ZA, 1984) OFIKE D
5%, AZERBOTIITEEERHO B e AT
J& (Huang, 1966) DRHEAFH\VTWw5b . EF
M, LRSI HDEITER (16T, RiFIr
1984) ORIKED?H% Y, BREOTIZEIEH
BT DigE ARV TWwW b (OKIG, 1985).

I EHEOEIERE LD
e R EBEFLBE DA E

Wy THERAIR S, REEA VS 7 A (CaCOs)
PO EIND 720, BAHPORFEDFEAMAKLL
(MC/PC) ZMET B EICX Y, BEHMEREE
& (“CHER) »WitET& s, 22T, The
NOBEES & B> S AIKEF B2 RICL 72
Matsukura et al. (2007) TiZ I ET 148, 1
A ET2M, MHEET6MOBHES (H5HWVIEE
O LEHOE#) OFIEDSHER I N TN D, KifgE
TlkZ0H b, THT7MH, TE<T2ME, IIiE
T2 HEOE#DSHB LR L 72, EMTORE
BRI H 725 TIE, o TOBEF LIS L
DIZOWTIE, TE BT EEBIZHNS S 5 #5505 h
5O Z LS 72, bbETENSEBEDOTH
DEEEEN S S FEEZBRILL THOMra R e L7z
BEE OFBHRIUE, TE 27205 FEE
IV E 2 AT - 72, BHRIU S O F 5 1%

Matsukura et al. (2007) @ Table 1 IZF2/RL72%
DEFELEL, ZOHRT, BE#% B (Boulder ®
LT, BlEA % P (Pedestal O¥HLT) & L
TEXHILTH2 (F15£). /2, HROBEE
ThHrEHZAICHEHL TR AIKERE»S bk
PRI L 72, B ORPUIY > TOHMBS R R
FENTVRHGERIRL TfTo72 Y,

o TEHEORTLELE,  EIEE R RIS EE T
1oz, 72721, 1RO RHTRTEE, 4
bH, 9-B, 9-P, 15-B-2, 15-P-1, 16-B-1, 16-P-2,
17-P-2, 19-B, 19-P 22w Tid, &t/ L
TRICEFE L7z, W oOBE DRI X ) K
AU L7otR, RE R ) JERGHD L IXREES
HCoM LT = 5k S8, SRl (8F) %
L TCRERE, 342bbr o774 MKz ks
B 72 ZERAbKEHE & R ICSEE T B o Kk
X, &SRR OERZFMHL, BEI A X2 Hw
ThEL. 79774 MIgty & ITmEzE
59T (Accelerator Mass Spectrometry; AMS)
Ho#y—FIZT VAL, AMSHOHE L L7:,

AMS (21, HEKFELEERWERR Y 7 200
HEFIIEHEEk D &~ 7 A RE SR & 7z fik
D xEHIOFMENZDWTIL, AL & FRR IR
ML AT RO ZRFE L7z, AMS TS
HERAARTH 5 “C L ZERMATH % “C D
frpR 2 e L7z,

V #EBLUVEFOEZER

5 N7z FAR A B3R 72 “CAERMEE 45 1
FIRT. WIS, AZEDORBOFERE A TH
X9, *Th® PPalcloTRHBLOLNTVEH
ZBEBOEM (125 ~ 300 ka) &, "“CHEADOXF
RELTIMERT (~65ka) 2B THY,
RFIZERBEARGETH 205, 55 N7MHIL 33
~42ka Tho7:. LaL, ThE HAEOHFE
LTWAREF2LDOEFEVRZORA, H5H\»
(&, WEHEEF COBRREICL DHERLE EICX



1% “CAHEMRMHEM—E (Site No. & Matsukura ef al., 2007 @ Table 1 @ Site

No. L EbETH 5.

Sample No. Dk FIOoDOW7- b oid, kA& L+

I ERNMRIEO SHETH 5. FOMOREHIHGTTKFES » F L NHEE B

W ENbDTHS)

Site No.* Sample No Terrace Location “Cage (yrBP % lo)
1 1-B I Shitooke 20,124 = 91
1 1-P I Shitooke 27,529 = 149
2 2-B I Shitooke 32,087 = 200
2 2-P 1 Shitooke 8,674 £ 57
4 4-B-1 I Shitooke 19,850 = 272
4 4-B2 I Shitooke 20,008 = 88
4 4-P-1 I Shitooke 6,193 = 55
4 4-P2 I Shitooke 6,686 £ 51
4 4-P-3 I Shitooke 6,205 = 74
5 5-B 1 Keraji 2,227 = 46
5 5-P 1 Keraji 29,593 = 167
6 6B I Keraji 2,905 = 164
9 9-B* I Keraji 24,400 = 90
9 9-p* I Keraji 5,075 = 30
12 12-P-1 I Keraji 5,076 = 79
12 12-P-2 1 Keraji 5,286 = 66
15 15-B-1 I Sueyoshi-shrine 19,671 = 283
15 15-B-2* I Sueyoshi-shrine 32,950 = 16
15 15-P-1* I Sueyoshi-shrine 4,405 + 25
15 15-P-2 I Sueyoshi-shrine 4,535 + 37
16 16-B-1* I Sueyoshi-shrine 29,030 = 110
16 16-B2 I Sueyoshi-shrine 16,763 = 95
16 16-P-1 II Sueyoshi-shrine 5,525 = 81
16 16-P-2%* I Sueyoshi-shrine 4,830 = 25
17 17-B-1 I Aden 31,444 = 193
17 17-B2 il Aden 40,902 = 449
17 17-P-1 il Aden 4,173 £ 52
17 17-P-2% I Aden 3270 = 25
19 19-B* il Aden 37,970 = 23
19 19-P* il Aden 4,090 £ 24

H-1 Cliff behind terrace ~ Hyaku-no-dai 33,475 = 229
H-2 Cliff behind terrace ~ Hyakuno-dai 42,242 + 496
H-3 Cliff behind terrace ~ Hyakuno-dai 39,840 * 431

HborkEZoNS. 2T, mEttE L X
Dol VWERDSHZZ L EEEHTRETH A
9. Gtk MOEREE V-GS LETH
5.

KIZ, REEATEONEREL AL L, T
DAEFAEIE 3.3 ~ 42 ka D#EFHZ & 5. FREICT
HOFEHL 44 ~54ka OFIFHE & D, F72, 1
T OFAEHE 5.1 ~29.6 ka D7 1) K& &%
LD, REEAOEMAMIX, W, ITHE, IEoONE

WA EE 2 5. TTHORFHE, 5.1~87
ka & 285~296katt—F—DERLDL2OD
TN—TN0 N5, BREDK 3 TR &) 4F
Rad s, FEERICB A BEEAEOMIE, [l
iR L 7oAk 2 RIZ A (1998) TSN/ KB R T
DY TOEMREZIZFEMOMEAIZ R L TV 5.
o TINHDEIXZENZNOE EOBEKIER O
FERERL D EEZONS. B, THO3
TFEaTE v FR GRS 1-P & 5-P) il %



R OPIAHTH 5.

RIS, BEEEICEHLEBOERMELY ATHE
. WESOEBES22ka WO ERRLTW
5. ZOflk, B 1 mE2HEK L 7ZER (6 ka)
IELw EoT, ZOEBIZEKIZE->TH
DBEEDY) — 7 - Ty VORI ER SN D
DTHAHWEEESE. LarL, ZhitoEg
DEMRAEIX, TXT16.7~40.9 ka DHFAFIZA -
Thh, BEEOFEMRMELDIEE21H L, Ly
LHZEBOERIEV. CoZ kX, EEEDLE
EACIEEHEEALE V) I DIX, AZEDENLD
A & o THHG S NWE TH 2 T REME AT
WIERRBLTWLDEEZLNDL. 2N
A D "CHERBPIZEOHEERIIZA - TV D fERD
b 5D THRHAPLETH S,

B, WMEI\IHEEMTH LT TO UCE
FABNZAZHGER ) N =R RO LB KT % W%
BhY, 512, "CHEMMEILEERBKEZIT
VBB L. L, TNHOBIEIZ LY FAHE
BHEFEEFEINLOATH L. SHOFERICE
W, WS IR & EEOEREOZER)
RoENTWLZ Ens, IhsOBIEIdiERmICIE
WELLWEEZOND.

vV &bUIC

EREBIHFET 208 E 20 LICELEBD
FONIZOWT, ENEDOCERMEEFT- 72,
ZORER, GEEEOFMRMEL, BLOTEHHE
OEEKE & ZIZFREITH -7z, 72, BES
O LA EBICOWTIE, EEaOTEEDSD
LZOE—»FZTThHY, £ OEBIERDE
PofHa I Nz b DO TIE vt EZ LN L
"L, BEGOTOFERBEORE b0, Bl
DOHTOY ¥ T O EEE R BT 18 O 72
E, BEIREMELHE REINTEY, Hk
LMENLETH L. T2, “CHEMRBEDHE
BRALHZ 5 L E 2 5N FHIOWTIE, o

SERFEEHWIAEROBFREE S LETH A D) .

E ik

RIFFERATHCH L, HARZEMRA S - Bl
W O FEENE B GRERE 5 16300292 8 L U°
19300305, WFZECEHITVFNRLMARE) L&
HEWF7e C GRET S 14580103 WFefCE - i

R, B I OIS TR 19 47 EE I 923
HEAEREE (WPoeR®E - il %) 2 L7

E

1) %y TOMBIREI N TR WS, 20
BAMAKZEICE ) —EHEFS N, ZKkY
WAL Z 5> TW A WREM DY), F 0D
Yit, BHORFESRALTL VIR
YIDERE AR ETE R 5.

3Tk

KT - BTH ¥ - 8 BT - B - K
FHARE (1978) @ BLERYI &= LS O St ifg
B B SERT T 2L e~ 7 70—
7 HIFFEFE, 51, 109-130.

s (1996) @ HLEkF &AL 22 B 1
B N sE T it o FE R L s A RS, 105,
520-525.

ARIgFHFRR - HESE - PRS- K %
(1984) : BRERA K E ORI E | BRERAK S 3
FEBACEE, 37, 29-41.

ARl B F-HR#R  (1985) : [BRERIKO HERE] 278 p.
TRy A L 2K, I

e RE— - KASEME - KHERGT - Al - &

2 IRES - HEAET (1998): B
Pt B = A5 O R 2 B 1) 5 5Ef it
R THER O, S DU gE
37, 349-360.
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B—6l. FMkKFEEBREE Y ¥ — R
&, 6,17-21.
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I (FUOIC

T ORI IER T ER 5 B 5T
L= N7 A Ty FHGE LTSN, ADFH
HREICHEZ 2 M5 TS (Oke
and Maxwell, 1975). —# 28T CIE, A THE
BUZ L D INBGHRRLEWIC X B 2R NFN R R
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HA7LIZ W/m® Th 5.

2008 4E 7 H 15 H OFAEFIZ 7 — 7OV 3T &
MLEWV, 20084E9 H 11 HE T7— ¥ RED e
WTW 4RGSR CZ oo T~ 4 & —
ERAE L 72

7. #hRERE : Soil Heat Flux

BRI P BGEARC £ > TS N HEME
T, WEREIIHERAS 2 cm Th L. HALIE
Wm> CTH 5.

8. HBBEFR] : Sunshine Duration
Epio R FICkE Lz g Hc L - ¢
BoNHEEMECHMIZSTH D.

9. K& : Air Temperature

BUAN I K25 O LN ZHL Y A1) 72088 B K
PURERHC Lo THREONA-HFYETH L. HE
X HET A S 1.6m, 123 m BL29.5m, H
IZCTH 5.

10. #h;E : Soil Temperature

EE 10 mm, £& 15 cm OFKE H 4Pt
FERHC Lo TIHRONA-HFHETH L. WER
JEZ R 25 2 em (ST-1), 10 ecm (ST-2), 50
cm (ST-3) BLU100 cm (ST-4) THYH, HAL



FECTHD. Lo F—I13HE 1 m OROMEEIC
WK & PATICEAL, L7

11. #F7K{4I : Ground Water Level

HIFRM A & #F /KT F TOBRE S O HFIHETH
fidm Th b, BEHENIZKERKME D S
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VREEIZ8 ~9m) LH20miE (GW4, [[0.5
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LTw5h,

12. TSEE : Dew-point Temperature

B R O VAN HL Y 317 7o B2 w2
ST I Lo TRONREL ) HIL S
NI-HVPIMETH B, HANITC, W5 &R SR
EFRBETH L. FTrimE Td [Tl 38R E
Y —DIRET [C] - AHAREE RH [%] 55,
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Td = {b X log,, (¢/6.11)}/{a-log,, (e/6.11)}
Z I T, eldk#ESE [hPa]l THY
e=es X RH/ 100

Thb. eslTfMKELAE [hPal TH D,
Tetens DI

es =6.11 x 10°7C*D

X Ok B¥a, bidkmETofE (a=175,
b =2373) ZHwW/.

13. F&7kE : Precipitation

1880 0.5 mm, =/KEERE 20 cm O F 5
R B RO = ET A2 B L ClllsE S 7z, Bl
mm OKZEHESE) < HEEMETH L.

14. ST : Atmospheric Pressure
BUINAEEE T OFHIAR v 7 ANIZEEE S L7z

SUEEN (PTB210: W7 A 9 IR EHE) 12X -
THlE X N7z, HALIZ hPa TH 5.
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ITEM WIND DIRECTION (29.5 m HEIGHT)
INSTRUMENT ~ SONIC ANEMOMETER-THERMOMETER (DAT-300)
UNIT MONTHLY FREQUENCY
YEAR 2008
MONTH 1 2 3 4 5 6 7 8 9 10 11 12
N 30 52 32 21 9 13 7 19 26 40 37 19
NNE 14 1 38 36 31 17 17 23 30 24 25 23
NE 38 10 60 39 96 45 15 66 29 54 24 28
ENE 51 15 129 102 169 131 1 188 109 120 64 63
E 31 16 92 134 143 142 207 160 140 110 50 48
ESE 31 15 58 82 62 83 88 63 67 58 21 33
SE 26 10 24 28 19 53 37 14 20 25 13 21
SSE 14 1 21 24 34 33 34 16 19 6 14 5
N 9 12 20 20 30 55 75 45 13 9 12 17
SSW 15 18 34 20 55 51 66 34 17 16 21 21
N 19 16 14 10 14 13 15 12 20 20 26 21
WSW 26 36 25 15 17 5 1 13 15 1 33 37
] 63 102 28 34 12 6 17 1 20 28 39 n
WNW 145 186 49 48 21 23 20 31 52 64 130 156
NW 159 120 69 46 18 22 13 33 81 91 133 137
NNW n 64 51 61 14 28 11 16 62 68 72 44
NO DATA 2 2
ITEM WIND SPEED (1.6 m HEIGHT)
INSTRUMENT ~ SONIC ANEMOMETER-THERMOMETER (DAT-300)
UNIT (m/s)
YEAR 2008
MONTH 1 2 3 4 5 6 7 8 9 10 11 12
1 0.92 0.88 1.72 2.49 1.32 0.98 0.98 1.04 0.82 0.41 0.77 0.88
2 1.13 0.51 1.45 0.85 1.34 0.86 0.77 0.95 1.14 0.63 0.51 0. 60
3 0.61 1.43 0.94 1.16 1.55 1.30 1.15 1.21 0.91 0.42 0.44 0.67
4 0.76 0.74 1.24 1.14 1.51 1.04 0.88 1.06 1.28 0.45 0. 66 0. 61
5 0.46 0.66 1.18 0.91 0.95 0.96 0.62 1.54 0.90 0.94 0.47 1.08
6 0.63 0.71 0.99 1.04 1.34 1.06 0. 64 1.01 0.87 0.76 0.57 0.79
7 0.97 1.33 1.20 1.47 1.03 1.1 0.43 0.77 0.72 0.59 0.57 0.63
8 0.65 1.29 0.78 4.14 1.77 0.59 0.62 0.98 0.76 0. 56 0.52 0.54
9 0.53 1.01 0.92 1.66 1.14 0.41 0.89 1.53 0.80 0.60 0.43 0.56
10 0.85 1.40 0.78 1.06 1.7 0.75 0.70 1.21 0.89 0. 56 0. 64 0.56
1 0.54 0.87 0.83 1.31 1.46 0. 62 0. 69 1.19 0.76 0.42 1.1 0. 60
12 1.52 0.75 2.13 1.29 1.86 0.82 0.69 1.18 0.58 0.44 0.73 0.91
13 1.34 2.34 1.05 1.74 1.88 0.77 0.96 0.98 0.84 0.50 1.1 1.10
14 0.54 2.28 0.73 0.93 0.74 1.23 0.61 0.87 0.84 0.32 0.67 0.99
15 0.48 1.25 1.13 1.27 0. 86 0.91 1.22 0.85 0.84 0.61 1.03 0.61
16 1.12 1.46 0.84 0.92 1.29 0.82 1.04 1.53 0.63 0.52 0.43 0.91
17 1.12 1.24 1.48 1.03 1.36 1.42 1.15 1.25 0.94 0.53 0.94 0.74
18 0.47 0.84 1.37 3.03 1.35 0.95 0.92 0.78 0.42 0.78 0.75 0.70
19 0.57 0.60 1.48 1.73 1.51 0.91 1.31 1.07 0.45 1.02 0.92 0.61
20 0. 60 0.87 2.76 1.66 1.58 0.82 1.76 1.09 1.12 1.09 0.77 0.63
21 1.57 1.30 2.03 1.75 0.89 0.82 1.39 0.94 0.71 0. 46 0.73 1.56
22 0.57 0.70 1.56 1.43 0.89 1.20 1.12 1.52 0.90 0.77 0.78 2.45
23 1.1 1.92 1.55 1.29 0.82 0.87 1.07 1.06 0.45 1.17 0.91 0.53
24 1.40 2.09 1.32 1.46 1.23 0. 86 0.87 1.19 0.72 0. 60 1.01 0.62
25 1.27 0.86 1.42 1.26 0.78 1.50 1.54 0.85 0.56 0.67 1.20 0.74
26 0.92 1.14 1.83 1.72 1.15 0.97 1.43 1.30 0.89 0. 46 0.76 2.13
21 0.72 2.21 1.08 1.00 0.97 0. 61 1.14 0.97 0.59 0.86 0.45 2.12
28 0.57 1.58 1.65 1.34 1.75 0.70 0.59 0.74 0. 40 0. 64 1.09 1.53
29 0.7 0.72 0.95 1.17 1.98 0.68 1.17 0.80 0.33 0.91 0.91 0.70
30 0.79 - 1.31 0.84 1.83 1.05 1.4 0.82 0.38 0.60 0.99 0.63
31 1.30 e 0.96 .. 1.59 .- 1.33 0.90 .. 0.45 .- 1.89
MEAN 0.86 1.21 1.31 1.47 1.34 0.92 1.00 1.07 0.75 0.64 0.76 0.96




ITEM WIND SPEED (29.5 m HEIGHT)
INSTRUMENT ~ SONIC ANEMOMETER-THERMOMETER (DAT-300)
UNIT (m/s)
YEAR 2008
MONTH 1 2 3 4 5 6 7 8 9 10 11 12
1 3.23 2.43 4.87 9.09 3.33 2.62 2.74 2.30 2.17 1.55 2.87 2.42
2 3.65 1.52 3.68 2.56 2.90 2.61 2.56 2.22 2.82 2.04 1.74 2.26
3 1.93 * 3.50 2.08 2.48 3.07 3.32 4.34 2.82 2.43 1.65 1.78 2.31
4 2.35 1.85 2.51 2.79 3.20 2.59 3.25 2.20 3.29 1.75 1.98 2.19
5 1.42 1.1 2.96 2.82 2.41 2.44 1.92 3.45 2.13 2.83 1.1 2.83
6 2.46 1.86 2.44 2.44 3.56 2.70 2.18 2.38 2.03 2.55 2.06 3.08
7 2.58 3.53 2.53 3.32 2.66 2.89 1.95 1.98 1.88 1.82 1.87 2.30
8 2.15 4.25 1.96 7.76 3.99 1.50 2.33 2.25 2.09 1.87 1.61 1.99
9 1.59 2.n 2.34 3.60 2.80 1.33 2.75 3.56 2.18 2.26 1.45 1.93
10 2.02 2.74 2.15 2.28 3.66 2.18 1.96 2.84 2.60 1.99 2.07 1.82
1 1.55 2.23 2.17 3.10 3.02 1.57 2.27 2.66 2.49 1.65 2.64 1.62
12 2.98 2.05 4.19 2.57 3.83 2.57 2.13 2.82 1.97 1.61 2.66 2.43
13 4.05 7.14 2.46 3.40 3.99 2.53 2.62 2.51 2.30 1.95 2.87 2.40
14 1.41 6.62 1.99 2.28 1.86 3.26 1.62 2.15 2.29 1.34 2.08 2.20
15 1.46 3N 2.74 2.64 2.00 2.67 3.14 2.03 2.19 1.88 2.34 2.02
16 2.38 4.36 1.91 2.18 2.98 2.25 2.10 3.45 2.08 1.89 1.32 2.49
17 2.86 3.70 3.03 2.48 3.01 3.75 2.42 3.14 2.46 2.17 2.36 2.24
18 1.55 2.23 2.89 5.84 2.98 2.46 1.99 1.80 1.34 2.66 2.01 2.29
19 1.87 1.72 3.05 5.41 3.80 2.79 2.1 2.48 1.50 3.19 3.60 2.04
20 1.96 2.50 5.12 3.70 4.39 2.67 3.58 2.66 3.27 3.54 2.70 1.92
21 2.99 4.14 4.63 3.52 2.48 2.17 2.95 2.02 1.93 1.78 2.91 4.13
22 1.56 2.04 3.17 3.12 2.46 3.21 2.61 3.51 2.86 2.31 2.85 5.04
23 3.00 5. 61 3.58 2.89 2.17 2.39 2.70 2.63 1.54 3.34 2.60 1.74
24 * 5.50 6.28 2.87 3.57 3.18 2.61 1.95 3.07 2.05 2.00 2.27 1.91
25 3.43 2.38 2.82 2.61 2.33 4.15 3.26 2.26 1.83 2.07 3.06 2.54
26 2.75 2.83 3.79 3.58 2.95 2.72 2.97 2.97 2.70 1.80 2.17 6.65
21 2.14 6.83 2.41 2.04 2.51 1.84 2.40 2.28 1.85 2.20 1.74 6.18
28 2.08 4.85 3.21 2.82 4.14 2.13 1.66 1.83 1.53 2.06 3.1 5.02
29 2.00 1.93 2.48 2.59 4.1 2.16 2.64 2.04 1.46 2.54 2.86 2.08
30 2.32 - 2.80 2.03 3.98 3.01 3.01 2.10 1.15 2.02 4.35 2.04
31 3.11 o v 2.29 s e 3.58 v e 2.86 2.49 o v e 1.85 v 6.15
MEAN 2.46 3.42 2.94 3.38 3.16 2.57 2.57 2.54 2.15 2.14 2.39 2.85
ITEM MOMENTUM FLUX (1.6 m HEIGHT)
INSTRUMENT ~ SONIC ANEMOMETER-THERMOMETER (DAT-300)
UNIT x 0.1 (m/s)?
YEAR 2008
MONTH 1 2 3 4 5 6 7 8 9 10 11 12
1 -0.134 -0.162 -0. 380 sokk -0.344 -0.243 -0.310 -0.184 -0.123 -0. 041 -0. 266 -0. 095
2 -0.187 -0. 051 -0. 267 -0. 332 -0.119 -0. 238 -0. 358 -0.133 -0.216 -0. 146 -0.171 -0.144
3 -0.041 sokok -0. 145 -0.285 -0. 185 -0. 256 -1.166 -0.312 -0.230 -0.072 -0.098 -0. 200
4 -0.076 -0.074 -0.316 -0. 382 -0.159 -0.178 -0. 694 -0.159 -0.303 -0. 151 -0.171 -0.094
5 -0. 064 -0.144 -0.151 -0. 390 -0.127 -0.143 -0.225 -0. 361 -0.153 -0.212 -0. 063 -0. 359
6 -0.079 -0. 066 -0.130 -0.248 -0. 508 -0. 255 -0. 296 -0. 161 -0.197 -0.298 -0. 159 -0. 408
7 -0. 259 -0.180 -0. 380 -0.162 -0. 203 -0. 232 -0.224 -0.217 -0.114 -0. 091 -0. 156 -0.143
8 -0. 080 -0.214 * =0.172 -1.279 -0.242 -0. 058 -0.294 -0.175 -0. 136 -0.135 -0. 055 -0.171
9 -0. 058 -0. 095 -0.191 -0.477 -0. 204 -0. 046 -0. 203 -0. 463 -0. 159 -0.164 -0. 046 -0. 082
10 -0. 201 sokok kK -0. 100 -0.187 -0.211 -0. 166 -0.228 -0. 147 -0.118 -0.092 -0.097
1 -0. 057 -0.154 * -0.199 -0. 253 -0.189 -0.098 -0. 426 -0. 220 -0.122 -0.072 -0. 253 -0. 049
12 * —0. 336 sokok -1.087 -0.225 -0. 240 -0.114 -0.278 -0.211 -0.214 -0.104 -0.203 -0.188
13 *okk -0. 699 -0.276 -0.223 -0.392 -0.373 -0. 440 -0.242 -0. 159 -0. 097 -0.211 -0.173
14 -0.070 -0. 602 * =0.107 -0.171 -0. 099 -0. 420 -0.186 -0.214 -0.189 -0.038 -0. 140 =0.117
15 -0. 054 -0.185 sokok -0. 149 -0. 151 -0. 257 -0. 520 -0.220 -0. 152 -0. 098 -0.124 -0.248
16 -0. 280 -0.311 * -0. 236 -0. 222 -0.195 -0. 237 -0.149 -0.410 -0.097 -0. 095 -0. 082 -0.164
17 -0. 200 -0.235 -0.530 -0. 117 -0.237 -0. 441 -0. 154 -0.245 -0. 190 -0. 100 -0.194 -0. 062
18 -0.034 -0. 091 * -0. 261 -0. 650 -0. 241 -0. 307 -0.100 -0.112 -0. 049 * -0.156 -0.178 -0.079
19 -0. 065 -0. 054 -0. 166 -0. 959 -0.412 -0. 550 -0.183 -0. 201 -0.079 * —0.240 -0. 565 -0.115
20 -0. 048 -0.135 -0.829 -0. 405 -0.575 -0. 445 -0. 264 -0.234 -0.238 -0. 282 -0. 343 -0. 080
21 -0.379 -0.272 -0. 885 -0.230 -0.330 -0.255 -0.171 -0.136 -0.112 -0.125 -0.289 -0.791
22 -0. 098 -0. 117 -0. 269 -0. 147 -0. 258 -0.248 -0.247 -0. 345 -0.183 -0. 251 -0. 503 -1.160
23 Fokok -0. 580 -0.195 -0.157 -0. 155 -0.193 -0. 257 -0.159 -0.137 -0. 425 -0. 206 -0.091
24 ook -0. 687 -0.184 -0. 268 -0. 341 -0. 482 -0.181 -0.213 -0. 164 -0.289 -0.214 -0.081
25 -0.183 -0.106 -0. 230 -0.129 -0. 160 -0. 440 -0. 369 -0.122 -0.135 -0. 285 * -0.258 -0. 085
26 -0.087 -0. 261 -0. 453 -0.181 -0. 352 -0. 168 -0.278 -0.223 -0. 207 -0. 088 -0. 102 -0.725
21 -0. 066 -0.721 -0. 353 -0. 145 -0.176 -0.192 -0.163 -0.168 -0.179 -0.127 -0. 307 -0. 520
28 -0. 051 -0. 401 -0.183 -0.165 -0.477 -0.217 -0.152 -0.121 -0. 069 -0. 236 * —0.303 -0.415
29 Hok -0.125 -0. 437 -0.174 -0. 464 -0.171 -0. 266 -0.118 -0. 047 -0. 249 -0. 246 -0.070
30 * —0.128 LR * —0.163 -0.195 -0. 269 -0.243 -0.280 -0.147 -0.033 -0.049 -0. 680 -0. 061
31 -0.228 I * —0. 155 .- -0. 310 e -0.224 -0. 191 .- -0. 107 s -0.523
MEAN -0.131 -0. 259 -0.322 -0. 304 -0. 268 -0. 257 -0. 298 -0.214 -0. 151 -0.159 -0.223 -0. 245




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

UNIT x 0.1 (m/s)?
YEAR 2008
MONTH 1 2 3 4 5 6 7 8 9 10 11 12
1 =-1.777 * -1.333 ook Hook -2.063 -1.555 -1.299 -1.178 -0.776 * —0. 456 * -1.310 Fokk
2 -2.710 -0. 283 -2.343 -0.925 -1.537 -1.025 -1.104 -0. 663 -1.539 -0. 844 -0.472 -0.574
3 -0.473 * —2.258 -0.797 -1.226 -1.935 -2.474 -3.238 -1.458 -1.145 -0.319 -0. 246 Fowok
4 -0. 906 -0. 666 -0. 968 -1.673 -1.924 -1.219 * -1.921 -1.084 -2.079 -0.523 -0. 709 Horx
5 -0.281 -0. 457 -1.816 -1.734 -0. 967 -1.118 -0. 852 -1.620 -0. 959 -1.340 Fopok sokok
6 -0. 482 -0. 642 -1.051 -1.415 -2.412 x -1.256 -0. 985 -1.062 -0.955 % -1.503  * -0.476 Horx
1 -1.026 * 2,131 -1.145 * -1.929 -1.220 -1.594 -0. 746 -0. 951 -0.613 -0. 481 -0.509 Fopok
8 -0.612 -3.388 -0.711 Folok -2. 586 -0. 405 -1.103 -1.028 -0.712 -0. 505 sobok * —0.472
9 -0. 403 -1.323 -1.173 -3.165 -1.668 -0. 255 -1.052 -3.037 -0.828 -0. 580 * —0.160 -0. 268
10 -0.737 -1.491 * —0. 636 -0. 803 -2.335 -1.050 -0. 654 -1.224 -1.071 -0.570 -0.474 Fowok
" -0.279 -0. 863 -1.040  * -1.836 -1.533 -0.476 -1.128 -1.213 -1. 050 -0.334 -1.507  * -0.535
12 sokk * -0.776 -2.852 -1.062 -2.764 -0. 857 -0.998 -1.815 -0.871 -0. 301 -0. 842 Fowok
13 Horx Horx -1.044 -2.147 -3.222 -1.353 -1.828 -1.280 -0. 950 -0.534 ~1. 465 Horx
14 -0.379 Fofok * —0.623 -0. 883 -0. 841 * —1.958 -0. 652 -1.069 -1.200 -0.315 * —0.537 Fokok
15 -0.234 ~2.585 ~1.436 -1.361 -0. 951 -1.493 -2.362 -0. 980 -0.974 -0.784 -0. 965 Horx
16 -0. 969 * -3.726 -0.811 -0.917 -1.744 -1.148 -0.843 -2.239 -0. 631 -0. 638 -0.180 Fwok
17 * —1.205 ook -2.174 -0. 956 -2.064 -2.627 -1.064 -1.526 -1.133 -0.522 -0.823 -0. 560
18 -0.275 *-1.123 -1.394 sokok -2.093 -1.103 -0. 546 -0.516 -0.248 % -1.308 -0. 645 -0. 608
19 -0. 300 -0.526 -1.564 sokok -2.795 -1.613 -1. 656 * -1.375 -0. 301 * =2.185 -2.287 sokk
20 -0. 446 -0. 940 -5. 445 -3.297  x -2.807 -1.556 -2.638 -1.634 -1.817 -1.690 -1.274 Horx
21 -1.698 -3.011 * =5, 246 -2.506 -1.445 -1.078 -1.481 -1.010 -0. 751 -0.333 -1.107 Fook
22 -0. 351 -0. 566 ~2.059 -2.143 -1.235 -1.829 ~1. 402 -2.393 -1.642 -0. 870 -1.919 Horx
23 -1.350 Forok -2.036 -1.812 -1.023 -1.199 -1.571 -1.223 -0.503 -1.935 -0. 904 Fok
24 ook Fook -1.517 * -2.276 -1.923 -1.393 -0. 840 -1.196 -0. 960 * -0.743 Fokok Hokok
25 -2.376 -0. 807 -1.951 -1.718 -0.828 -2. 646 -2.201 -0.901 -0.514 * —0.536 * —1.845 -0.610
26 -1.268 -1.931 -2.549 -2.420 -1.751 -1.402 -1.559 -2.067 -1.133 -0.419 -0.818 Fowok
21 -1.003 bk -1.537 -0.835 -1.263 -0.720  * -0.899 -1.079 -0. 641 -1.005 -0. 389 Hokok
28 -0.374 * -3.892 * -1.366 -1.835 -3.443 -0.739 -0.574 -0. 605 -0.343 -0. 489 -1.425 *ok
29 -0. 644 -0.579 -1.695 -1.262 -3.536 Hohx -1.451 * -0, 859 -0. 266 -1.188 Hohx Horx
30 -0.718 CEEE -1.953 -1.018 -3.436 * —1.593 -1.917 -0.743 -0. 255 -0.525 -3.129 Fook
31 * -1.951 s -0. 888 s -2.726 s -1.482 -1.129 s -0. 385 s Hrx
MEAN -0.901 -1.535 -1.721 -1.660 -2.002 -1.336 -1.356 -1.295 -0. 895 -0.779 -1.016 -0.518
ITEM SENSIBLE HEAT FLUX (1.6 m HEIGHT)
INSTRUMENT ~ SONIC ANEMOMETER-THERMOMETER (DAT-300)
UNIT x 0.1 (°C m/s)
YEAR 2008
MONTH 1 2 3 4 5 6 7 8 9 10 11 12
1 0. 086 0.283 0.215 0.516 0.248 0. 346 0. 105 0. 420 0.063 0.018 0. 264 0. 209
2 0.070 0.137 0.272 0.434 0.185 -0.011 0.038 0. 269 0.096 0.198 0.323 0.003
3 0.192 sofok 0.271 0.432 0. 086 -0.044 -0. 085 0.314 0. 055 0.097 0. 021 0.173
4 0.194 0. 206 0.277 0.534 0.117 0. 089 0. 081 0.316 0.091 0.198 0. 240 0.178
5 0.144 0. 403 0.223 0. 442 0. 054 0.103 0.192 0.164 0. 045 0.102 0. 158 * 0.030
6 0.204 * 0.000 0. 404 0. 495 0. 259 0.105 0.119 0.348 0.155 0.027 0.273 0. 039
1 0. 009 0.157 0.244 0.073 0. 204 0.135 0. 009 0.353 0.133 0.076 0.132 0.227
8 0.134 0.249 * 0.420 -0.171 0.199 0. 057 -0. 026 0. 365 0.081 * =0.020 0.036 0. 155
9 0.110 * 0.130 0.470 0.036 0.138 0.035 0. 000 0.429 0.084 0.020 0. 005 * 0.090
10 0. 153 Horok Fok 0.031 0. 053 0.175 0.093 0.177 0.129 0.118 0.071 0.119
" 0.134 0. 259 * 0.420 0.257 0. 095 0. 063 0.276 0.283 0.051 0.054 0.040 0.170
12 * 0.060 Fofok 0. 305 0. 340 0.145 -0.031 0. 458 0. 256 0.198 0.178 0. 052 0. 086
13 Fhk 0. 111 0. 355 0.012 -0. 067 0.179 0. 470 0. 160 0. 085 0.185 0.221 0.047
14 0.197 0.180 * 0.010 0.155 0. 064 0.175 0.210 0.215 0.053 0.026 0. 204 -0.019
15 0. 203 0.280 Fk 0.432 0.333 0.118 0.345 0.234 0.023 0. 087 0. 142 * 0.150
16 0.132 0. 364 * 0. 350 0. 231 0. 306 0. 083 0. 461 0. 359 0.042 0.168 0.020 0.118
17 0.189 0.338 0.300 0.070 0.398 0. 203 0. 400 0. 042 0.151 0.136 0. 161 0.025
18 0.082 * 0. 330 * 0.290 -0. 057 0. 342 0. 166 0.199 0.156 0.010 * 0. 050 0. 169 0. 091
19 0.127 0. 340 0.176 0.011 0.012 -0.017 0. 658 0.121 0.036 * 0.060 0.195 0.126
20 0. 156 0. 346 -0.137 0.063 -0. 007 -0. 003 0.812 0. 144 0.024 -0. 004 0.270 0.112
21 0. 055 0.304 0.037 0. 427 0.238 0. 142 0.326 0.149 0.049 * 0.270 0. 296 0. 155
22 0.171 0.319 0. 406 0.471 0.152 -0.019 0. 498 0.194 -0.017 0.052 0.348 -0. 032
23 Fokk 0.137 0.475 0. 492 0.155 0. 089 0.321 0. 009 0.186 0.035 0. 146 0.127
24 sokk 0.384 0.030 -0. 057 0. 057 0. 149 0. 445 0. 005 0.071 -0.016 0. 085 0. 063
25 0. 151 0. 406 0.399 0. 291 0.077 0. 050 0. 643 -0. 005 0.093 -0.036 *0.230 0.105
26 0.190 0.104 0. 350 0. 267 0.170 -0.048 0.348 0. 051 -0.010 0.028 0. 245 0. 089
21 0. 205 * 0.230 0. 482 0.227 0.188 0.108 * 0. 300 0.229 0.137 0. 205 0.015 0.058
28 0. 147 0.353 0.317 0.314 0. 241 0. 064 0. 357 0.087 0.059 0.338 * 0.070 0.075
29 Hohx 0. 405 0.339 0. 411 0.002 0. 000 0. 445 *0.120 0.005 0. 285 0.132 0. 149
30 * 0.170 .- * 0.320 0.358 0. 040 -0. 026 0.377 0.112 0.052 0.180 0.129 0. 141
31 0.224 .. * 0.070 - -0.012 .- 0. 463 0.113 .. 0.094 .. 0. 032
MEAN 0.144 0. 260 0.279 0. 251 0.144 0. 081 0. 301 0. 200 0.074 0.104 0. 156 0. 100




ITEM SENSIBLE HEAT FLUX (29.5 m HEIGHT)
INSTRUMENT ~ SONIC ANEMOMETER-THERMOMETER (DAT-300)
UNIT x 0.1 (°C m/s)
YEAR 2008
MONTH 1 2 3 4 5 6 7 8 9 10 11 12
1 0.103 0.422 0.397 * 0.770 0.415 0. 559 0. 256 0.332 0.074 * 0.010 0.230 sokok
2 0.138 0.141 0.328 0.417 0.294 0.025 0.199 0.184 0.154 0.211 0.243 -0. 056
3 0.193 * =0.190 0.248 0.527 0.022 -0. 150 0. 067 0.209 0.182 0.098 -0.011 Forok
4 0.178 0. 300 0.398 0. 649 0.177 0.189 0.090 0.282 0.220 0.214 0.158 Hokk
5 0.176 0.312 0. 301 0.515 0. 065 0.125 0.303 0.175 0.130 0.092 Forok Fofok
6 0.170 0.029 0. 466 0.533 0.437 * 0.160 0.242 0.374 0. 186 * -0.080 * 0.200 Hokk
7 -0.029 0.235 0. 467 * 0.150 0. 307 0.382 0.030 0. 487 0.167 0.076 0.068 Fokok
8 0.154 0.294 0. 442 FkK 0.376 0.123 0.037 0. 386 0.127 -0. 045 sokok * 0.150
9 0.135 0.074 0.488 0.020 0.295 0.015 0.113 0. 496 0.248 0.025 * -0.010 0.078
10 0.146 0.167 * 0.000 0. 001 0. 069 0.381 0.098 0.110 0.275 0.135 0.027 Horok
1 0.137 0.358 0.418 * 0.340 0.027 0.151 0.117 0.328 0.018 0.020 -0.129 *0.180
12 Hofok * -0.060 0.520 0. 345 0.228 -0.122 0.352 0.330 0.178 0.185 -0.039 Forok
13 0.343 0.523 0. 449 0.041 -0.171 0.343 0.524 0. 256 0.188 0. 246 0.143 Fokk
14 0.155 0.432 * =0.120 0.182 0.028 0.538 0.142 0.282 0.190 0. 008 * 0.190 Fofok
15 0.186 0. 386 0.439 0. 607 0. 436 0.339 0.389 0.318 * 0.070 0.193 0.131 Forok
16 0.187 0.534 0.399 0. 303 0.536 0.216 0.342 0. 440 0.070 0.172 0.009 Frok
17 0.275 0.528 0.479 0. 032 0.720 0.576 0.294 -0.029 0.318 0.119 0.132 -0.038
18 0.081 * 0.390 0.519 ook 0. 640 0.329 0.119 0.143 0.021 * 0.070 0.140 0.072
19 0.136 0.358 0.152 -0.023 0.112 0.098 0.435 0.126 0.012 * 0.020 0. 069 sokok
20 0.121 0. 405 -0. 385 0. 005 -0. 085 0. 090 0. 755 0.189 0.043 0.074 0.196 Fokk
21 0.099 0. 402 -0.135 0.612 0. 463 0.259 0.139 0.182 0.028 0. 147 0.197 Forok
22 0.198 0. 351 0.522 0.783 0.382 -0. 058 0.190 0.265 -0.093 0.120 0.274 Fokk
23 -0.030 * 0.430 0.683 0.714 0. 361 0.087 0.104 -0.044 0.221 0.016 0.072 Hrok
24 * 0.380 * 0.800 0. 009 * -0.130 0. 246 0.310 0.258 -0. 045 0. 196 * -0.120 Fokx Hokk
25 * 0.200 0.434 0.513 0. 468 0. 047 0.240 0.571 -0. 062 0.165 * —0.070 * 0.180 0.125
26 0.186 0.049 0. 360 0.419 0. 381 -0. 061 0.243 0. 081 0. 044 -0.019 0.214 0. 381
21 0.291 0. 639 0. 633 0. 305 0. 500 0.165 0.220 0.247 0.218 0.135 0.008 0.133
28 0.188 0.609 0.371 0. 586 0. 651 0.125 0. 287 0.014 0. 085 0. 247 0.031 0.079
29 -0.034 0. 466 0.383 0. 626 0.038 Fk 0.265 *0.110 -0.023 0.270 Fk Fokk
30 0.174 - 0.434 0. 447 0.129 * 0.040 0.259 0.110 0.027 0.088 -0. 008 Fofok
31 0. 256 o v 0. 005 .. -0. 066 v e 0.373 0.121 o v e 0.098 v 0. 204
MEAN 0.163 0.339 0.329 0. 366 0. 260 0.189 0.252 0. 206 0.125 0. 089 0.104 0.119
ITEM SHORT-WAVE RADIATION (1.5 m HEIGHT)
INSTRUMENT ~ PYRANOMETER (GORCYNSKI TYPE) (MS-43F; MS-402F since Mar 20, 2006)
UNIT (W/m?)
YEAR 2008
MONTH 1 2 3 4 5 6 7 8 9 10 11 12
1 123.6 162.1 169.5 276.4 238.2 331.8 239.0 212.1 149.6 49.6 164.7 127.4
2 124.9 83.8 189.4 222.2 138.3 105.5 246. 2 192.1 197.1 212.9 143.2 24.5
3 126.5 22.4 156.0 232.2 104.7 45.0 129.4 228.8 249.1 123.8 31.8 128.1
4 125.7 169.4 196.8 270.9 100. 1 180.9 192.6 213.7 154. 6 209. 4 135.5 116.1
5 74.6 141.7 161.4 250. 6 74.0 119.7 282.2 96. 1 103.9 141.7 86.7 48.2
6 125.9 33.2 222.1 274.4 330.4 183.5 208.0 242.7 180.7 68.1 139.4 90. 4
7 49.5 169.3 148.5 83.4 288.8 264.8 96.8 282.9 175.1 1.7 85.2 130.7
8 114.6 166.0 222.8 39.2 247.1 133.7 118.1 265.8 187.6 33.5 42.5 79.3
9 71.9 57.8 218.0 94.8 194.5 69.9 139.2 256.5 265.9 142.9 20.2 50.5
10 108. 4 145.2 52.0 39.7 95.4 279.3 144.3 143.2 * 230.8 149.1 73.6 113.2
1 99.4 169.0 219.1 181.0 116.0 158.4 198.9 214.5 113.6 81.0 64.1 100.9
12 9.4 24.2 196.0 239.9 147.0 78.3 289.3 211.2 247.4 173.0 53.5 110.6
13 1156.9 190.4 203.3 43.9 29.8 312.2 304.4 221.8 212.6 190.9 148.1 60. 6
14 115.2 189.1 25.8 146.0 65.7 296.8 156.9 223.7 188.4 48.4 112.0 21.4
15 120.2 189.5 217.1 266.5 288.8 223.7 250. 1 263. 6 109. 6 1156.3 82.1 125.1
16 120.2 191.6 175.5 172.7 283.5 221.0 202.5 243.2 129.1 192.7 29.5 117.8
17 131.0 178.8 164.0 70.4 288.8 290.8 169.5 64.7 224.9 148.6 90.2 34.3
18 54.3 193.1 191.7 29.9 267.3 261.2 113.2 159. 6 61.5 142.9 116.8 102. 4
19 114.7 172.9 81.17 93.7 132.6 135.5 247.1 121.9 73.9 132.2 141.9 114.8
20 89.2 192.2 38.4 97.6 103.2 80.8 270.7 203.7 142.6 155.5 147.3 79.0
21 56.1 197.17 107.8 221.9 323.6 186.6 129.2 171.4 92.0 172.0 142.2 109.9
22 110.8 172.7 255.2 274.9 262.0 44.9 208.9 187.3 65.8 139.3 142.9 42.9
23 20.9 149.6 236.8 275.0 292.3 149.1 157.1 61.7 184.5 91.2 112.0 107.0
24 120.2 191.4 30.9 42.7 200.3 225.4 192. 4 53.3 230.4 17.2 55.5 61.2
25 155.3 197.3 232.4 180.8 91.4 154.5 248.6 4.5 125.0 58.9 130. 4 110.4
26 147.8 79.0 200. 6 165.7 272.3 38.9 143.4 92.3 80.2 44.4 132.9 131.9
21 155.3 207.8 243.3 170.1 323.6 176.3 126.6 212. 4 186.0 134.2 14.1 125.6
28 105.9 210.3 171.6 239.5 236.2 160.9 200. 1 97.3 82.1 174.3 35.7 120.5
29 23.5 195.0 229.2 259.5 52.9 37.2 221.8 149.1 34.2 153.3 118.6 120.8
30 130.5 - 141.8 283.3 69.0 158.3 202.8 139.6 51.2 122.5 133.0 110.9
31 152.8 .. 68.6 .- 60. 6 e 215.9 150. 8 .- 70.7 - 126.7
MEAN 103.2 153.2 166.9 174.5 184.5 170.4 195.0 175.3 151.0 122.6 97.5 94.9




ITEM NET RADIATION (1.5 m HEIGHT)
INSTRUMENT ~ NET RADIOMETER (MIDDLTON TYPE) (CN-11)

UNIT W/m?)
YEAR 2008
MONTH 1 2 3 4 5 6 7 8 9 10
1 18.6 58.6 45.6 119.1 128.4 205.5 140.5 ook sokok 22.7
2 17.3 32.3 57.7 93.5 86.3 57.6 143.1 bk sokok 114.4
3 34.2 8.6 61.6 107.8 68.6 21.8 84.6 Forok sokok 56.8
4 30.3 67.5 92.2 124.2 65.9 108.8 130.2 e ok 104.5
5 19.6 51.3 53.8 108. 1 44.5 71.0 180.1 Horok Fokok 78.0
6 31.2 12.7 87.0 121.2 162.4 118.8 138.5 Hork ok 41.0
1 9.9 58.1 63.1 35.2 148.7 163.0 52.9 Fok Fokok 60.5
8 35.2 42.3 86.3 24.4 131.9 75.8 73.5 stk Fork 16.1
9 21.1 22.6 89.3 50.8 109.1 31.5 86.2 Frok Fokok 13.4
10 25.0 57.7 16.6 22.9 56.8 171.6 91.3 Horok sokok 82.4
" 28.3 7.9 102.7 109. 1 69.1 97.1 19.7 Hofok 60.0 33.5
12 0.6 3.8 83.3 115.5 81.9 36.9 177.8 Forok 143.5 78.9
13 32.8 51.3 91.4 25.0 13.0 185.3 189.3 e 122.8 97.7
14 30.2 46.4 10.6 79.7 43.9 183.6 100.0 Horok 111.9 25.0
15 21.3 58.3 12.1 128.7 173.3 132.6 Horx Horx 64.6 63.7
16 38.4 64.5 81.5 76.7 163.1 140.0 Fok Fok 68.6 92.7
17 44.3 58.2 80.8 33.5 173.3 183.1 sorok ook 125. 4 62.5
18 0.8 67.0 85.1 20.1 163.4 163.1 otk Hokok 26.9 57.4
19 20.1 61.1 41.2 61.7 18.17 87.6 *ok ook 39.8 58.7
20 30.0 67.8 21.5 51.8 57.2 50.8 Horx e 92.3 74.2
21 20.5 63.7 46.6 134.8 181.0 131.3 Hok Horok 56.6 75.1
22 30.6 67.8 96.1 140.6 145.3 30.0 Horx Hork 32.3 54.9
23 10.7 38.1 107.7 145.8 172.4 99.3 Fok Forok 106. 6 471
24 36.0 58.1 18.2 22.9 128.8 146.0 Horx Horx 125.1 8.7
25 30.9 69.7 128.2 107.7 57.6 99.2 Fok Fok 78.5 28.6
26 34.5 30.1 88.0 97.5 172.5 24.8 *orok Horok 46.1 12.7
21 42.5 75.4 126.7 99.4 190.8 11.8 otk bk 110.9 56.7
28 32.2 69.2 79.9 128.8 149.8 100. 2 *ok Horok 44.0 71.3
29 10.8 73.6 113.2 137.5 33.2 23.5 Horx e 16.0 61.1
30 53.9 .- 69.8 147.17 48.4 98.8 *ok Forok 31.6 45.8
31 56.0 s 22.3 s 38.3 s Hokok Hokok s 18.4
MEAN 21.5 52.0 72.9 89.1 107.7 105. 4 122.0 Hohok 75.2 57.4
ITEM SOIL HEAT FLUX (0.02 m DEPTH)
INSTRUMENT ~ SOIL HEAT FLUX METER (CPR-PHF-01)
UNIT (W/m?)
YEAR 2008
MONTH 1 2 3 4 5 6 7 8 9 10
1 -10.2 -1.4 -1.8 -0.7 10.5 10.5 2.1 3.7 2.5 -6.5
2 -8.2 -4.0 3.3 2.3 7.9 1.1 5.0 4.4 3.4 -6.9
3 -5.9 -5.5 3.3 7.8 5.8 4.1 3.4 6.7 2.0 1.1
4 -1.5 0.3 3.2 5.4 3.3 4.5 8.6 5.9 -3.0 -4.4
5 -5.3 -2.5 -2.8 2.0 3.1 2.1 9.9 0.0 -1.2 2.1
6 -6.2 -6.5 0.1 50 10.1 11.0 7.1 4.7 1.5 -3.6
1 -1.4 0.7 -1.1 0.5 8.5 6.8 2.0 5.0 -1.1 -1.2
8 2.1 -5.2 0.9 2.1 3.1 2.1 1.5 4.1 -2.7 -3.2
9 -1.0 -6.3 2.8 1.8 4.8 0.7 -0.4 1.3 -1.7 -1.9
10 -5.0 1.9 -3.9 -1.2 4.1 5.5 1.5 1.3 * -1.5 -0.3
" -1.5 1.1 6.1 12.9 -3.4 4.5 3.1 5.0 -3.7 -3.0
12 -2.9 -2.9 1.1 9.1 2.2 -6.2 4.8 4.9 0.0 -11.8
13 9.0 -1.6 7.0 -6.1 5.9 7.0 5.5 6.4 -1.4 5.6
14 -8.0 4.7 56 8.4 1.4 2.2 3.9 50 -1.4 -3.7
15 -1.4 -2.0 12.6 9.4 9.5 -0.9 0.9 5.1 -1.6 -1.0
16 -1.7 -5.3 5.8 5.7 8.9 6.6 4.8 2.1 -2.6 -9.2
17 4.7 -6.9 4.4 2.8 8.5 4.5 4.8 -1.9 2.2 5.7
18 -8.8 -4.4 4.6 -1.1 9.6 6.2 4.2 -1.3 -2.6 -5.0
19 -1.6 -3.2 0.9 1.5 4.5 3.6 3.0 1.1 -1.0 2.9
20 -5.8 -0.7 -3.8 3.0 4.1 3.5 1.7 2.9 -0.8 0.2
21 2.4 -0.9 -2.1 10.1 6.1 8.7 1.5 -1.2 2.2 -6.4
22 -4.9 3.7 3.7 6.5 7.9 -1.1 6.1 -1.3 -6.7 -2.8
23 -3.4 -1.8 52 1.0 10.1 1.9 4.6 5.5 -2.8 0.9
24 -2.8 -5.0 4.6 3.5 7.0 5.6 5.6 -0.7 -3.0 2.7
25 -6.7 -4.7 12.4 5.5 2.9 -2.0 3.1 0.0 -1.5 -1.8
26 -1.2 4.7 6.8 0.7 9.9 -8.0 1.6 -1.8 -2.3 4.1
21 -1.3 -3.0 7.1 8.3 4.1 3.0 1.5 1.9 -6.8 -3.9
28 -1.0 -3.1 -0.3 6.2 1.7 4.9 1.9 2.7 -9.0 4.4
29 1.2 -1.2 -1.7 9.3 -1.2 0.2 1.8 4.4 -6.9 -5.0
30 3.5 - -2.6 13.4 -3.8 1.2 -0.2 2.4 -3.8 -11.3
31 -5.5 e 6.0 .. -4.5 .. 1.1 0.7 - -1.7
MEAN -4.9 -2.8 2.1 4.7 3.9 2.9 3.4 1.8 -2.6 -4.2

— 100 —



ITEM SUNSHINE DURATION (9. 0m HEIGHT)

INSTRUMENT ~ SUNSHINE-RECORDER

UNIT (min)
YEAR 2008
MONTH 1 2 3 4 5 6 7 8 9 10 11 12
1 487.0 582.0 514.0 695.5 446.5 741.5 387.0 295.5 103.0 40.5 541.5 524.5
2 521.0 12.5 558.0 492.5 3.0 20.0 449.0 286.5 412.0 607.0 458.0 0.0
3 506.0 0.0 338.0 531.5 96.5 0.0 87.0 390.0 565.0 216.0 0.0 532.5
4 534.0 570.0 494.5 608.5 15.5 273.5 310.5 292.5 163.5 581.5 382.0 509.5
5 248.0 376.5 332.0 534.5 0.5 18.5 621.5 2.0 135.5 202.5 86.0 59.5
6 531.5 0.0 547.5 679.0 754.0 205.5 265.5 431.5 213.0 72.5 474.5 295.5
7 33.5 535.5 303.5 139.0 688.5 387.5 32.5 692.0 239.0 94.5 230.0 534.5
8 512.5 5563.0 621.0 0.0 502.5 97.5 28.5 656.5 346.0 0.0 1.0 150.5
9 268.0 11.0 572.5 96.5 213.5 38.0 72.0 511.0 694.0 302.5 0.0 26.5
10 438.5 405.5 51.0 0.0 6.5 568.5 44.0 131.0 607.0 337.5 21.0 417.5
1 399.0 562.0 612.5 272.0 0.0 203.0 196.0 321.0 220.0 130.0 9.0 396.5
12 0.0 0.0 549.0 484.5 1.5 116.5 672.0 363.0 631.5 398.5 12.5 513.0
13 363.0 584.5 574.5 0.0 0.0 671.5 663.0 373.5 421.5 497.0 567.0 21.0
14 447.0 584.0 0.0 239.5 9.5 652.0 105.0 369.0 414.5 9.5 244.5 0.0
15 475.5 574.5 480.5 656.0 562.5 290.0 426.0 675.5 20.5 166.0 157.5 528.0
16 484.0 530.5 363.5 263.0 588.0 386.0 215.5 497.0 196.0 593.5 0.0 504.0
17 449.5 536.5 208.0 0.0 600. 5 596.0 162.5 0.0 570.5 411.0 163.5 0.0
18 67.5 588.0 406.0 0.0 471.0 368.5 17.0 140.0 0.0 324.5 337.0 347.0
19 374.0 569. 0 58.5 13.5 58.0 31.5 419.0 62.5 0.0 275.0 490.0 471.0
20 200.5 586.0 0.0 57.5 56.5 7.0 508.0 367.5 177.5 388.0 569.5 267.5
2 0.5 587.5 38.0 335.5 754.0 147.5 16.5 253.0 25.5 562.0 561.5 504.5
22 382.5 506. 0 664.5 647.5 500.5 0.0 336.0 201.0 14.5 360.0 542.0 94.5
23 0.0 409.0 613.0 649.0 640.0 101.0 214.5 0.0 366.5 125.5 444.0 455.0
24 372.5 593.0 0.0 0.0 204.0 392.0 235.0 0.0 635.5 0.0 122.0 70.5
25 565.0 572.5 428.0 167.0 20.5 93.5 453.5 0.0 156.5 9.5 371.0 502.5
26 556. 5 59.0 388.0 40.0 536.0 0.0 88.5 9.5 33.5 0.0 535.5 530.0
27 577.0 599.5 490.5 217.0 692.0 156.5 72.0 409.5 292.0 330. 3.0 530.0
28 296.5 616.5 248.0 498.5 400.0 179.0 269.0 52.5 6.0 579.0 104.5 519.5
29 0.0 562.0 529.5 480.5 0.0 0.0 384.0 163.5 0.0 406.5 435.0 521.5
30 387.0 s 193.0 657.0 0.0 214.0 311.0 129.0 0.0 291.0 536.0 503.0
31 474.5 s 90.0 e 0.0 e 262.5 84.0 s 65.5 e 532.5
MEAN 353.3 436.4 363.5 315.2 284.4 231.9 268.2 263.2 255.0 270.2 280.4 350. 6
ITEM AIR TEMPERATURE (1.6 m HEIGHT)
INSTRUMENT PT RESISTANCE THERMOMETER (E-731)
UNIT ()
YEAR 2008
MONTH 1 2 3 4 5 6 7 8 9 10 11 12
1 2.0 0.2 5.3 8.9 19.6 17.1 19.8 25.6 25.5 171 12.0 6.5
2 3.3 1.4 7.1 9.5 18.6 17.9 22.2 21.3 26.7 16.4 1.5 1.1
3 2.6 1.4 6.2 1.2 18.3 15.1 22.9 29.0 21.4 16.0 11.4 8.8
4 2.1 2.4 5.7 1.3 17.1 17.2 25.6 28.9 24.1 17.7 12.7 9.0
5 2.0 0.8 4.3 1.8 17.2 17.4 26.9 25.4 24.3 18.1 9.5 12.0
6 3.6 0.1 4.2 1.6 18.7 21.3 26.4 21.7 25.3 17.4 11.6 1.4
1 5.7 3.6 4.3 1.0 19.4 20.9 24.3 29.2 24.7 18.8 13.7 3.4
8 5.7 2.3 4.5 1.5 17.3 20.0 23.6 28.6 24.2 17.9 1.4 4.7
9 6.3 -0.3 6.5 1.7 16.9 19.9 22.2 26.1 21.8 19.3 8.8 6.1
10 4.3 4.1 4.9 9.0 12.1 20.6 22.9 24.7 *21.0 19.7 9.6 1.1
1 5.2 4.4 8.0 1.8 10.7 21.6 24.4 26.2 21.1 19.2 10.4 9.2
12 5.3 3.7 7.1 13.1 11.3 16.7 26.0 27.0 23.9 141 10.6 9.0
13 1.8 1.3 8.3 9.2 1.1 20.1 25.8 28.7 23.6 16.0 12.6 10.0
14 0.2 3.4 11 1.5 12.1 20.2 26.1 28.1 23.2 16.4 13.1 5.4
15 0.2 3.8 12.3 12.5 15.3 18.7 25.0 28.8 22.8 17.8 14.5 2.8
16 3.4 1.7 1.4 14.8 16.5 20.8 25.8 26.9 21.8 15.3 14.2 5.5
17 1.0 -0.2 1.1 15.1 16.9 19.5 26.4 21.2 22.3 15.9 14.3 1.5
18 -0.9 0.4 10.8 12.9 16.7 20.8 26.3 22.9 22.0 16.6 13.5 8.0
19 -0.4 0.6 10.0 13.5 18.7 21.9 26.6 24.8 22.4 17.6 8.3 5.4
20 0.2 3.4 8.8 14.8 19.0 22.1 24.3 25.2 22.9 18.4 5.9 5.8
2 2.1 5.3 9.8 14.4 17.4 23.3 25.0 23.5 21.7 16.3 6.7 9.8
22 1.1 6.6 9.4 12.7 19.4 20.4 28.2 20.3 19.5 16.6 6.8 10.4
23 1.7 4.8 9.1 13.7 21.8 20.5 28.5 20.2 21.1 19.0 8.4 3.3
24 3.0 1.6 1.5 16.4 20.8 22.0 28.7 22.5 21.7 20.3 7.1 2.7
25 1.6 0.4 10.3 12.9 19.4 19.3 26.8 22.8 21.4 18.6 8.3 5.2
26 0.4 6.6 14.0 1.9 21.3 15.5 24.9 21.9 21.2 16.6 8.4 3.0
27 0.1 4.8 1.5 13.9 19.0 19.4 24.9 23.0 18.2 15.4 5.9 3.8
28 0.4 4.0 9.9 14.0 17.5 22.0 25.4 24.5 15.6 14.2 9.0 5.1
29 3.1 3.5 8.5 15.8 13.9 20.0 26.0 25.3 15.6 14.0 9.5 5.5
30 5.6 . 6.6 18.5 14.1 20.5 23.9 25.0 16.7 10.1 9.3 4.9
31 2.1 .. 5.7 .. 13.3 e 23.8 24.4 * . 10.6 . 4.8
MEAN 2.5 2.6 8.2 12.7 16.8 19.8 25.1 25.3 22.1 16.7 10.3 6.6
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ITEM AIR TEMPERATURE (12.3 m HEIGHT)
INSTRUMENT  PT RESISTANCE THERMOMETER (E-731)

UNIT (°c)
YEAR 2008
MONTH 1 2 3 4 5 6 7 8 9 10 11 12
1 3.1 1.8 6.1 8.7 19.7 17.0 19.7 25.3 25.4 17.4 13.1 7.1
2 4.5 2.0 1.2 10.6 18.5 18.0 22.2 27.1 26.6 16.9 12.4 1.7
3 4.1 1.3 6.8 11.4 18.2 15.1 22.9 28.7 27.6 16.9 12.0 9.4
4 3.4 3.0 6.1 1.9 17.1 17.1 25.5 28.7 24.9 18.9 13.5 9.6
5 3.0 1.8 4.5 12.1 171 17.4 26.9 25.2 24.2 18.4 10.4 12.3
6 5.6 0.5 4.9 12.1 18.6 211 26.4 21.6 25.1 17.6 12.1 8.0
7 6.7 3.6 4.9 11.4 19.8 21.0 24.4 29.3 24.8 19.2 14.2 5.0
8 6.9 3.0 5.4 1.5 17.5 20.1 23.6 28.7 24.4 17.9 1.9 5.5
9 1.3 0.2 1.4 1.7 16.9 20.1 22.1 26.1 22.4 19.5 9.0 6.5
10 5.6 4.5 5.8 8.9 11.9 20.9 22.8 24.6 21.6 19.8 10.1 1.9
1 6.0 4.8 9.3 11.6 10.6 21.7 24.5 26.0 21.2 19.7 10.5 10.7
12 5.4 3.9 1.4 12.9 1.2 171 26.4 26.8 24.6 15.6 10.6 10.0
13 2.3 1.3 8.4 9.0 1.0 20.5 25.8 28.5 23.8 16.7 12.9 10.1
14 1.2 3.4 11.3 11.4 11.9 20.5 26.1 28.0 23.3 16.6 13.2 6.0
15 1.7 4.2 12.4 12.7 15.4 18.9 25.1 28.7 22.9 18.0 14.4 4.2
16 3.5 2.7 12.0 15.0 16.6 20.9 25.4 26.8 21.9 16.6 14.3 5.8
17 1.4 0.7 1.2 15.1 16.8 19.6 26.1 21.3 22.5 16.5 14.2 1.6
18 0.4 1.8 10.7 12.8 16.5 20.8 26.1 22.9 22.3 17.6 13.6 8.8
19 1.1 2.1 10.1 13.4 18.6 22.0 26.3 24.8 22.4 18.2 9.0 7.0
20 0.9 4.2 8.7 14.7 19.2 22.1 23.9 25.1 22.8 18.5 6.8 6.8
21 2.9 6.2 9.9 14.4 18.1 23.1 24.7 23.5 21.8 17.2 1.1 10.3
22 2.1 1.2 9.7 12.7 20.0 20.3 21.8 20.4 19.8 16.9 8.1 10.4
23 1.6 4.9 9.4 13.9 22.4 20.3 28.2 20.1 21.8 19.1 8.6 4.2
24 2.9 2.0 1.6 16.3 20.7 21.8 28.5 22.4 22.2 20.2 1.3 3.3
25 1.9 1.7 10.1 12.6 19.6 19.2 26.4 22.8 21.8 18.6 8.2 6.2
26 1.4 6.6 13.7 1.7 21.2 15.6 24.6 21.9 21.5 17.3 9.0 3.0
27 1.6 4.7 1.1 13.6 19.4 19.3 24.6 22.8 18.5 15.6 6.1 3.8
28 1.4 4.4 9.9 13.8 17.5 21.9 25.7 24.4 15.9 14.3 9.6 5.4
29 3.0 4.8 9.2 15.9 13.7 19.9 25.8 25.2 15.6 14.3 10.4 6.9
30 5.9 . 1.0 19.0 14.0 20.6 23.7 24.9 16.6 1.1 10.1 5.9
31 3.9 . 6.2 s 13.2 s 23.5 24.3 f 11.0 s 4.8
MEAN 3.3 3.2 8.5 12.8 16.9 19.8 25.0 25.3 22.3 17.2 10.8 1.2
ITEM AIR TEMPERATURE (29.5 m HEIGHT)
INSTRUMENT ~ PT RESISTANCE THERMOMETER (E-731)
UNIT (°c)
YEAR 2008
MONTH 1 2 3 4 5 6 7 8 9 10 11 12
1 3.4 2.5 6.5 8.6 19.7 17.0 19.5 25.1 25.3 17.5 13.4 1.5
2 4.8 2.3 1.2 10.8 18.4 17.9 22.1 26.9 26.6 17.2 13.4 7.6
3 4.4 1.2 7.1 1.5 18.0 15.0 22.8 28.6 21.7 17.2 12.5 9.6
4 4.0 3.3 6.1 1.9 17.0 17.0 25.4 28.6 25.1 19.5 13.9 10.0
5 4.0 2.2 4.6 13.0 16.9 17.4 26.8 25.1 24.0 18.8 1.5 12.7
6 6.7 0.8 5.0 12.4 18.5 21.0 26.3 21.5 24.9 17.7 12.6 8.2
7 1.2 3.5 5.2 1.7 20.0 20.9 24.3 29.4 24.17 19.5 14.4 5.3
8 1.6 3.4 5.9 1.5 17.5 20.0 23.5 28.8 24.4 17.9 12.2 6.0
9 1.9 0.5 1.1 11.6 16.9 20.1 22.0 26.1 22.8 19.6 9.1 6.7
10 6.2 4.6 6.3 8.7 1.8 21.0 22.6 24.5 21.9 19.8 10.3 12.1
1 6.4 4.9 10.3 1.4 10.5 21.6 24.4 25.9 21.2 19.8 10.5 1.5
12 5.4 4.1 1.5 12.8 1.1 17.2 26.4 26.6 24.9 16.4 10.6 10.7
13 2.4 1.2 8.3 8.9 10.9 20.8 26.7 28.4 24.1 17.1 13.0 10.1
14 1.7 3.3 11.4 1.2 11.8 20.7 26.0 28.0 23.3 16.8 13.2 6.2
15 2.6 4.2 12.4 13.1 15.5 18.9 25.1 28.6 22.8 18.1 14.3 5.2
16 3.5 3.0 12.4 15.0 16.6 20.8 25.2 26.7 21.8 17.1 14.3 6.0
17 1.5 1.2 11.2 15.1 16.7 19.7 25.9 21.2 22.6 16.8 14.2 1.6
18 0.9 2.3 10.6 12.7 16.3 20.6 26.0 23.0 22.4 17.9 13.6 9.1
19 1.7 2.9 10.3 13.4 18.4 21.9 26.3 24.7 22.5 18.4 9.2 1.1
20 1.4 4.5 8.6 14.6 19.2 22.0 23.7 25.0 22.8 18.5 1.2 1.4
2 2.9 6.6 9.8 14.3 18.4 22.9 24.5 23.5 21.8 17.8 8.3 10.7
22 2.5 1.4 9.9 12.6 20.2 20.1 21.6 20.4 19.8 17.3 8.7 10.5
23 1.5 4.9 9.5 14.3 22.6 20.2 28.0 20.0 22.3 19.0 8.6 4.7
24 2.8 2.0 1.6 16.2 20.6 21.6 28.4 22.3 22.3 20.2 1.4 3.7
25 1.9 2.1 10.0 12.4 19.5 19.1 26.3 22.1 21.9 18.6 8.0 6.8
26 1.6 6.6 13.4 1.5 21.2 15.5 24.5 21.8 21.8 17.8 9.2 2.9
27 2.0 4.5 10.9 13.4 19.6 19.2 24.4 22.1 18.4 15.8 6.6 3.8
28 2.0 4.4 9.9 13.7 17.5 21.8 25.9 24.3 16.0 14.4 9.9 5.6
29 3.0 5.8 9.8 16.0 13.6 19.8 25.9 25.1 15.5 14.5 10.9 1.4
30 6.0 . 1.2 19.2 13.8 20.5 23.7 24.8 16.4 1.7 10.5 6.2
31 4.4 . 6.2 s 13.0 s re 23.3 24.2 e 11.3 s ue 4.8
MEAN 3.7 3.5 8.7 12.8 16.8 19.7 24.9 25.2 22.4 17.4 1.0 1.6
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ITEM SOIL TEMPERATURE (0.02 m DEPTH)
INSTRUMENT ~ PT RESISTANCE THERMOMETER (C-PTG-10)
UNIT (0
YEAR 2008
MONTH 1 2 3 4 5 6 7 8 9 10 11 2
1 2.5 2.1 4.1 8.3 18.4 18.6 19.9 25.6 24.5 18.3 13.7 1.2
2 2.4 2.0 5.3 9.4 18.4 17.9 20.6 26.2 25.5 17.8 13.5 8.5
3 2.8 2.1 5.9 1.5 18.6 16.6 20.9 21.2 25.9 17.3 13.2 8.3
4 2.6 3.1 6.7 1.9 17.7 17.8 22.4 21.6 24.8 17.6 13.7 8.1
5 3.0 3.3 5.8 1.7 17.3 17.8 23.8 26.4 24.6 17.8 12.5 9.8
6 2.1 1.8 5.3 12.0 19.2 20.1 23.8 21.0 25.2 18.0 12.6 8.8
7 3.3 3.8 5.8 10.7 18.9 20.6 23.2 21.5 25.1 17.9 13.9 6.3
8 4.6 2.6 5.5 1.1 18.2 19.7 22.6 21.5 24.6 18.2 13.4 6.2
9 5.3 1.5 6.3 1.0 17.7 19.4 22.0 26.6 22.8 18.4 11.8 6.7
10 4.1 3.8 5.6 10.3 15.5 20.1 21.9 25.4 22.1 18.5 12.2 9.6
1 4.3 3.9 7.1 13.2 14.1 20.1 22.3 26.0 21.7 19.1 1.4 8.9
12 5.4 4.1 7.0 14.1 14.0 18.3 23.3 26.4 22.8 16.5 1.7 8.0
13 3.8 2.6 8.4 1.4 12.5 19.2 23.7 27.1 22.3 17.0 12.7 8.6
14 2.4 2.3 8.8 12.9 13.6 19.8 23.9 21.1 22.8 16.9 12.7 1.9
15 2.4 3.0 12.8 13.8 16.9 19.0 23.5 27.1 22.6 17.8 14.0 5.3
16 3.4 2.5 10.6 14.2 17.5 19.8 24.2 26.5 22.4 16.7 14.3 5.4
17 3.8 1.6 1.3 13.9 18.6 20.0 24.8 23.2 22.0 16.3 14.7 1.2
18 2.1 1.6 1.5 12.8 19.0 20.5 25.1 23.4 22.1 16.3 14.4 8.1
19 1.2 2.0 9.7 12.9 18.4 20.2 25.3 24.0 21.9 16.6 11.2 6.2
20 1.1 2.6 9.0 13.0 18.9 20.6 25.0 24.8 22.1 17.8 9.2 6.2
2 2.6 3.3 8.3 14.5 19.0 22.0 24.5 24.4 21.7 16.8 8.3 6.8
22 2.1 4.7 9.3 16.2 19.6 20.9 25.9 22.8 20.5 16.5 8.2 8.9
23 2.5 4.6 9.7 14.9 20.8 20.5 26.1 22.0 20.2 17.1 9.2 6.5
24 3.7 3.7 8.9 15.1 20.7 21.2 26.6 22.5 21.1 18.8 8.7 4.6
25 2.2 2.6 11.5 15.9 19.7 20.3 26.6 22.9 21.0 18.5 10.0 5.6
26 1.6 4.0 12.4 14.4 21.3 18.1 25.5 22.7 21.0 17.5 10.0 4.3
27 1.1 5.3 13.0 15.5 20.7 19.0 25.2 23.3 20.2 16.8 8.2 3.5
28 0.6 4.0 12.0 16.1 19.6 20.3 25.7 23.7 18.8 16.3 9.4 3.5
29 2.9 4.2 10.3 16.8 16.5 19.8 25.7 24.5 18.3 16.0 8.6 4.1
30 4.9 .. 9.3 18.0 16.4 19.9 25.2 25.0 18.4 14.2 8.1 4.6
31 3.5 . 8.4 e 15.5 f 25.0 24.0 s 13.4 . 3.9
MEAN 3.0 3.1 8.6 13.2 17.8 19.6 24.0 25.2 22.3 17.2 11.5 6.7
ITEM SOIL TEMPERATURE (0.10 m DEPTH)
INSTRUMENT ~ PT RESISTANCE THERMOMETER (C-PTG-10)
UNIT (0
YEAR 2008
MONTH 1 2 3 4 5 6 7 8 9 10 11 2
1 4.7 3.6 4.7 8.8 17.0 17.5 20.0 25.1 25.1 20.0 15.2 9.0
2 4.3 3.2 5.2 9.3 17.2 17.9 20.4 25.5 25.6 19.5 14.8 9.5
3 4.3 3.3 5.7 10.5 17.5 17.3 20.7 26.2 25.9 19.2 14.8 9.5
4 4.2 3.5 6.5 1.1 17.1 17.5 21.6 26.6 25.4 19.1 14.8 9.3
5 4.3 4.0 6.4 1.3 16.9 17.7 22.6 26.4 25.1 19.2 14.3 10.2
6 4.1 3.3 5.7 1.4 17.7 18.9 23.0 26.3 25.2 19.5 13.9 10.2
1 4.2 4.0 6.1 1.0 17.7 19.6 22.9 26.6 25.3 19.3 14.6 8.6
8 5.2 3.8 5.8 1.4 17.7 19.4 22.5 26.8 25.0 19.6 14.7 1.9
9 5.7 3.0 6.2 1.0 17.2 19.2 22.1 26.5 24.0 19.6 13.6 8.0
10 5.3 3.8 6.3 10.8 16.3 19.4 21.8 25.6 23.3 19.7 13.5 9.7
1 5.1 4.2 6.6 1.9 15.0 19.6 22.0 25.6 22.8 20.2 13.0 9.8
12 6.0 4.1 1.2 12.9 14.7 19.1 22.6 26.0 23.3 18.8 12.9 9.2
13 5.3 3.9 1.7 12.3 13.8 18.7 23.0 26.3 23.4 18.5 13.5 9.5
14 4.2 3.4 8.2 12.1 13.8 19.5 23.2 26.6 23.6 18.4 13.4 9.4
15 4.0 3.7 10.8 12.9 15.5 19.2 23.2 26.6 23.5 18.8 14.4 1.1
16 4.2 3.6 10.1 13.4 16.4 19.3 23.4 26.5 23.5 18.3 14.8 71
17 4.8 3.1 10.6 13.6 17.3 19.6 24.0 25.1 23.1 17.6 15.1 8.0
18 3.9 2.8 10.8 13.1 17.8 19.8 24.3 24.6 23.2 17.5 15.0 8.9
19 3.1 2.9 9.9 12.9 17.7 19.8 24.6 24.9 23.0 17.6 13.4 8.0
20 2.8 3.2 9.6 12.9 18.1 20.1 24.6 25.3 23.2 18.3 1.7 7.6
2 3.5 3.7 8.9 13.5 18.1 20.8 24.3 25.3 23.0 18.0 10.6 1.6
22 3.7 4.4 9.1 14.3 18.5 20.9 24.8 24.4 22.4 17.5 10.3 9.4
23 3.6 4.9 9.4 14.0 19.3 20.4 25.2 23.5 21.8 18.2 10.6 8.2
24 4.3 4.5 9.6 14.6 19.6 20.6 25.6 23.4 22.3 19.1 10.4 6.8
25 3.6 3.8 10.2 15.0 19.4 20.6 25.9 23.8 22.2 19.4 10.8 7.0
26 3.2 4.1 11.4 14.4 20.0 19.2 25.4 23.8 22.2 18.7 1.1 6.4
27 2.8 5.4 1.9 14.6 20.1 19.0 25.1 23.7 21.8 18.0 10.0 5.6
28 2.4 4.1 11.9 15.3 19.5 19.9 25.2 24.1 20.8 17.6 10.5 5.3
29 3.2 4.7 10.7 15.6 17.8 20.1 25.3 24.6 20.1 17.3 9.9 5.5
30 4.6 . 10.1 16.3 17.1 20.1 25.1 25.2 19.9 16.3 9.8 5.9
31 4.5 2. 9.4 16.4 24.9 25.0 15.3 5.7
MEAN 4.2 3.8 8.5 12.7 17.4 19.4 23.5 25.4 23.3 18.5 12.8 8.1
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ITEM SOIL TEMPERATURE (0.50 m DEPTH)
INSTRUMENT ~ PT RESISTANCE THERMOMETER (C-PTG-10)

UNIT (c)
YEAR 2008
MONTH 1 2 3 4 5 6 7 8 9 10 11 12
1 8.8 6.3 6.2 9.9 13.3 16.5 18.5 22.3 23.4 21.0 17.8 12.5
2 8.6 6.3 6.2 9.8 13.6 16.4 18.5 22.4 23.4 20.8 17.5 12.3
3 8.4 6.2 6.3 9.7 13.8 16.4 18.6 22.5 23.5 20.6 17.2 12.2
4 8.2 6.1 6.4 9.8 14.1 16.4 18.7 22.6 23.5 20.4 17.0 12.1
5 8.0 6.0 6.6 9.9 14.2 16.4 18.9 22.8 23.6 20.3 16.8 12.0
6 7.9 6.1 6.7 10.0 14.4 16.4 19.1 23.0 23.5 20.1 16.6 12.0
7 7.8 6.0 6.8 10.2 14.5 16.6 19.4 23.0 23.5 20.0 16.4 1.9
8 1.1 6.0 6.8 10.4 14.7 16.8 19.6 23.1 23.5 19.9 16.3 1.8
9 1.1 6.1 6.9 10.5 14.8 16.9 19.7 23.3 23.5 19.9 16.2 11.5
10 1.1 5.9 6.9 10.5 14.9 17.1 19.8 23.3 23.3 19.8 16.0 1.2
1 1.8 5.9 7.0 10.5 14.9 17.2 19.8 23.3 23.1 19.8 15.8 1.2
12 1.8 5.9 7.1 10.6 14.7 17.3 19.8 23.3 22.9 19.8 15.6 1.2
13 7.8 6.0 1.2 10.8 14.5 17.4 19.9 23.3 22.8 19.7 15.4 1.2
14 7.8 6.0 1.4 1.0 14.3 17.4 20.0 23.3 22.1 19.5 15.3 1.2
15 1.7 6.0 1.6 11.0 14.1 17.4 20.1 23.4 22.1 19.4 15.2 1.2
16 1.5 5.9 8.0 11.2 14.2 17.5 20.2 23.5 22.7 19.3 15.2 11.0
17 1.4 5.9 8.4 1.4 14.3 17.5 20.3 23.6 22.6 19.2 15.3 10.7
18 1.4 5.8 8.7 1.7 14.6 17.6 20.5 23.6 22.5 19.0 15.4 10.6
19 1.3 517 8.9 1.8 14.8 17.7 20.7 2356 22.5 18.8 15.4 10.5
20 7.1 5.7 9.1 1.9 15.2 17.7 20.9 23.5 22.4 18.7 15.3 10.5
21 6.9 5.6 9.2 11.9 15.4 17.8 21.1 23.5 22.4 18.7 15.0 10.3
22 6.8 5.7 9.1 12.0 15.6 18.0 21.2 23.4 22.4 18.6 14.6 10.3
23 6.7 5.8 9.1 12.1 15.7 18.2 21.3 23.3 22.3 18.5 14.2 10.3
24 6.7 5.9 9.2 12.2 15.9 18.3 21.5 23.1 22.1 18.5 13.9 10.3
25 6.7 6.0 9.2 12.4 16.2 18.4 21.7 22.9 22.0 18.5 13.6 10.1
26 6.6 6.0 9.3 12.6 16.5 18.5 21.9 22.7 21.9 18.6 13.4 9.9
27 6.5 6.0 9.6 12.7 16.6 18.4 22.0 22.6 21.9 18.6 13.3 9.7
28 6.4 6.1 9.8 12.8 16.8 18.3 22.1 22.6 21.8 18.6 13.0 9.5
29 6.2 6.1 10.0 12.9 16.9 18.3 22.2 23.0 21.6 18.4 12.8 9.2
30 6.2 e 10.1 13.1 16.8 18.5 22.2 23.0 21.3 18.3 12.7 9.1
31 6.2 - 10. 1 - 16.7 - 22.3 23.3 s 18.1 - 9.0
MEAN 1.4 6.0 8.1 11.2 15.1 17.4 20.4 23.1 22.7 19.3 15.3 10.9
ITEM SOIL TEMPERATURE (1.00 m DEPTH)
INSTRUMENT ~ PT RESISTANCE THERMOMETER (C-PTG-10)
UNIT (‘c)
YEAR 2008
MONTH 1 2 3 4 5 6 7 8 9 10 1 12
1 1.7 9.7 8.5 10.0 1.8 14.5 16.3 18.8 20.7 20.4 18.4 15.2
1.7 9.6 8.5 10.1 1.9 14.6 16.4 18.8 20.8 20.3 18.3 15.1
3 1.6 9.5 8.5 10.1 1.9 14.6 16.4 18.9 20.8 20.2 18.2 15.0
4 11.6 9.5 8.5 10.1 12.0 14.7 16.4 19.0 20.9 20.1 18.1 14.9
5 1.5 9.4 8.6 10.1 12.2 14.7 16.5 19.1 20.9 20.1 18.0 14.8
6 1.4 9.3 8.6 10.2 12.3 14.7 16.5 19.1 20.9 20.0 17.9 14.7
7 1.3 9.2 8.6 10.2 12.4 14.8 16.6 19.2 20.9 19.9 17.8 14.6
8 1.3 9.2 8.6 10.2 12.5 14.8 16.6 19.3 20.9 19.8 17.7 14.5
9 1.2 9.2 8.6 10.2 12.7 14.8 16.7 19.4 20.9 19.7 17.6 14.4
10 1.1 9.1 8.7 10.3 12.8 14.9 16.8 19.5 20.9 19.6 17.5 14.3
1 1.0 9.0 8.7 10.3 12.9 15.0 16.9 19.6 20.9 19.6 17.4 14.1
12 1.0 9.0 8.7 10.3 13.0 15.0 17.0 19.6 20.9 19.5 17.3 14.0
13 10.9 8.9 8.7 10.4 13.1 15.1 17.1 19.7 20.9 19.5 17.2 13.9
14 10.9 8.9 8.8 10.4 13.1 15.2 17.1 19.8 20.8 19.4 17.1 13.8
15 10.8 8.8 8.8 10.5 13.1 15.3 17.2 19.8 20.8 19.3 17.0 13.7
16 10.8 8.8 8.8 10.6 13.2 15.3 17.3 19.9 20.8 19.3 16.9 13.7
17 10.7 8.8 8.8 10.6 13.2 15.4 17.3 19.9 20.8 19.2 16.8 13.6
18 10.7 8.8 8.9 10.7 13.2 15.4 17.4 20.0 20.7 19.1 16.7 13.5
19 10.6 8.7 9.0 10.8 13.2 15.5 17.5 20.1 20.7 19.1 16.6 13.4
20 10.5 8.7 9.1 10.9 13.3 15.6 17.6 20.2 20.7 19.0 16.6 13.3
21 10.5 8.7 9.2 11.0 13.4 15.6 17.7 20.3 20.7 18.9 16.5 13.2
22 10.4 8.6 9.3 11.0 13.5 15.7 17.8 20.3 20.7 18.9 16.5 13.1
23 10.3 8.6 9.4 1.1 13.6 15.7 17.9 20.4 20.7 18.8 16.4 13.1
24 10.2 8.6 9.4 1.2 13.7 15.8 18.0 20.4 20.7 18.7 16.3 13.0
25 10.2 8.6 9.5 1.2 13.8 15.9 18.1 20.4 20.7 18.6 16.1 12.9
26 10.1 8.6 9.6 1.3 13.9 16.0 18.2 20.4 20.6 18.6 16.0 12.9
27 10.0 8.5 9.6 1.4 14.0 16.0 18.3 20.4 20.6 18.5 15.8 12.8
28 9.9 8.5 9.7 1.5 14.1 16.1 18.4 20.5 20.5 18.5 15.7 12.7
29 9.9 8.5 9.8 11.6 14.2 16.2 18.5 20.9 20.5 18.5 15.5 12.6
30 9.8 e 9.9 1.7 14.3 16.3 18.6 20.8 20.4 18.5 16.3 12.5
31 9.7 . 9.9 . 14.4 s 18.7 20.7 s 18.4 s 12.4
MEAN 10.7 8.9 9.0 10.7 13.1 15.3 17.3 19.8 20.8 19.3 17.0 13.7
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ITEM GROUND WATER LEVEL (10.0 m DEPTH)
INSTRUMENT ~ WATER LEVEL GAUGE (PRESSURE TRANSDUCER TYPE)

UNIT (m)
YEAR 2008
MONTH 1 2 3 4 5 6 1 8 9 10 11 12
1 -2.55 -2.86 -2.59 -2.37 -1.96 -1.88 -2.32 -2.86 -0.76 -2.00 ook Hokok
2 -2.53 -2.84 -2.62 -2.33 -1.98 -1.89 -2.33 -2.86 -1.05 -2.03 Hhk Hokok
3 -2.53 -2.86 -2.62 -2.32 -2.01 -1.88 -2.35 -2.87 -1.24 Fokok ook Hokok
4 -2.48 -2.84 -2.63 -2.28 -2.05 -1.81 -2.34 -2.89 -1.36 Hokok Hokok Hokok
5 -2.51 -2.81 -2.66 -2.28 -1.99 -1.80 -2.34 -2.93 -1.44 Fokok ook ook
6 -2.52 -2.78 2.1 -2.29 -2.01 -1.80 -2.36 -2.93 -1.49 Hokok Hokok Hokok
1 -2.57 -2.74 2.1 -2.33 -2.03 -1.83 -2.38 -2.94 -1.53 Fokok sokok Hokok
8 -2.53 -2.77 -2.70 -1.96 -2.03 -1.86 -2.40 -2.95 -1.58 ook ook Hkok
9 -2.54 -2.72 -2.70 -1.74 -2.04 -1.88 -2.41 -2.96 -1.61 Fokk ook Hokok
10 -2.56 -2.70 -2.69 -1.83 -2.06 -1.89 -2.42 -3.00 * -1.64 ook ook Hokok
1 -2.60 -2. 66 -2.70 -1.71 -2.07 -1.91 -2.43 -3.02 -1.67 Fokk ook ok
12 -2. 60 -2.60 -2.72 -1.75 -2.08 -1.90 -2.41 -3.02 -1.69 Fokok ook Hokok
13 -2.63 -2.55 -2.73 -1.80 -2.08 -1.85 -2.50 -3.03 -1.71 Fokok Hokok Hokok
14 -2.65 -2.53 -2.73 -1.82 -2.07 -1.96 -2.51 -3.03 -1.73 Fokok sokok ook
15 -2.68 -2.50 -2.70 -1.85 -2.05 -1.95 -2.52 -3.04 -1.75 Fokok Hokok Hokok
16 -2.69 -2.50 -2.69 -1.87 -2.04 -2.07 -2.55 -3.08 -1.78 Fokok sokok Hokok
17 -2.72 -2.49 -2.67 -1.88 -2.03 -2.21 -2.57 -3.08 -1.79 ook ook Hkok
18 -2.74 -2.48 -2.67 -1.68 -2.05 -2.27 -2.57 -3.09 -1.81 Fokk ook ko
19 -2.75 -2.49 -2.65 -1.51 -2.06 -2.30 -2.58 -3.08 -1.82 Hokok ook Hokok
20 -2.75 -2.47 -2.63 -1.61 -1.92 -2.35 -2.60 -3.05 -1.83 Hokok Hokok Hokok
21 -2.74 -2.47 -2.60 -1.68 -1.77 -2.37 -2.64 -3.02 -1.85 Fokok ook ook
22 -2.79 -2.48 -2.55 -1.73 -1.82 -2.40 -2.64 -3.02 -1.74 Fokok Hokok Hokok
23 -2.82 -2.48 -2.51 -1.76 -1.84 -2.39 -2.67 -3.03 -1.65 Fokok sokok ook
24 -2.81 -2.50 -2.49 -1.80 -1.87 -2.43 -2.67 -3.01 -1.73 Hokok Hokok Hokok
25 -2.82 -2.54 -2.48 -1.85 -1.82 -2.43 -2.69 -3.01 -1.74 Fokok sokok ook
26 -2.84 -2.52 -2.47 -1.90 -1.77 -2.43 -2.1 -3.01 -1.76 ook sokok Hokok
27 -2.84 -2.51 -2. 46 -1.88 -1.80 -2.42 -2.73 -3.01 -1.79 Fokk ook Hokok
28 -2.84 -2.57 -2.45 -1.89 -1.84 -2.45 -2.75 -2.59 -1.83 ook ook Hokok
29 -2.85 -2.58 -2.49 -1.92 -1.85 -2.45 -2.78 -0.67 -1.87 Fokok Hokok Hokok
30 -2.87 .- -2.49 -1.93 -1.85 -2.33 -2.80 -0.91 -1.90 Fokok ook ook
31 -2.87 - -2.44 - -1.83 - -2.85 -0.44 s Fokok . Hokok
MEAN -2.68 -2.61 -2.61 -1.92 -1.96 -2.11 -2.54 -2.75 -1.64 Fokk ook Hokok
ITEM GROUND WATER LEVEL (NEW: 2.0 m DEPTH)
INSTRUMENT ~ WATER LEVEL GAUGE (PRESSURE TRANSDUCER TYPE)
UNIT (m)
YEAR 2008
MONTH 1 2 3 4 5 6 1 8 9 10 11 12
1 sokok sokok sokok *okk *okk ook -1.81 sokok -0.77 sokk -1.84 sokok
Fokk Fokok Fokk Fokk *okk Hokok -1.86 ook -1.12 Fokok -1.85 ook
3 sofok sokok sokk *okk sokok -1.88 sokok sokok -1.36 sokk sofok ook
4 sokok sk ook sofok sofok -1.81 sk sk -1.51 sofok ook sokok
5 ook ook ok Fokok sokok -1.81 ook sokk -1.60 sokok ook sokk
6 ook ook sokok *okk sk -1.85 sokok ook -1.67 Hokk sokok *okk
7 ook ook kK Fokk Fokok -1.88 ook ook -1.72 -1.86 ook Fokok
8 sokok Fokok sokok -1.32 sk ook *okk sokok -1.76 -1.84 sokok *okk
9 ook Fokok kK -1.02 Fokok ook Fokok ook -1.80 -1.76 ook Fokk
10 sofok *okok sokok -1.30 sokok ook ok sokok * -1.83 -1.77 sokok ok
1" okok Fokok kK -1.22 Fokok ook Fokok ook -1.85 -1.81 ook Fokk
12 ook *okk ok -1.42 sokok sokok *okk sokk -1.86 -1.84 ook Fokk
13 sokok sk ook -1.55 sokok sofok sk sk sofok -1.85 sokok sokok
14 ook *okk Kbk -1.64 sokok sofok *okk Fokk solok -1.86 sofok *okk
15 ook *okok sokok -1.71 Fokok sokok sokok ook sokok *okk *okk *okk
16 ook Fokok kK -1.75 Fokk Fokok ook ook FokK Fokk Fokok Fokok
17 sokok Fokok sokk -1.79 sk ook sokok sokok sokk *okk *okk ok
18 ook Fokok kK -1.35 Fokok ook sokok ook Fokk *okk Fokk Fokk
19 sofok Fokok sokok -1.12 -1.89 ook sokok sokok sokk sokk ok ok
20 sokok sk stk -1.38 -1.82 sofok sokok sk sofok sofok sofok sokok
21 ook *okk sokk -1.54 -1.71 sofok *okk sokk -1.86 sokok ook Fokk
22 sokok Fokk sokok -1.63 -1.78 ook *okk ook -1. 80 Fokk sokok *okk
23 ook Fokk stk -1.70 -1.83 sofok Fokk ook -1.7 -1.87 sokok *okk
24 ook Fokk sokok -1.75 -1.87 ook *okk ook -1.74 -1.73 sokok *okk
25 ook Fokok kK -1.80 -1.82 Fokok Fokok ook -1.78 -1.44 ook Fokok
26 sokok Fokok sokok -1.83 -1.71 ook *okk sokok -1.82 -1.56 ook ok
27 ook Fokok kK -1.85 -1.81 ook Fokok ook -1.84 -1.64 ook Fokk
28 Forok Fook Fook -1.88 -1.85 Hrok Forok -1.65 -1.86 -1.70 Forok Fotok
29 sokok sk ook sofok sofok sofok sk -0.55 sofok -1.75 sofok sokok
30 ook R ok Fokok sokok -1.82 ook -0.83 sokok -1.79 ook Fokk
31 ook EEEE sokok LR kK LR sokok -0.42 s -1.82 e sokok
MEAN Hohok ok ook -1.55 -1.81 -1.84 -1.84 -0.86 -1.65 -1.76 -1.85 Hohok
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ITEM DEW-POINT TEMPERATURE (1.6 m HEIGHT)
INSTRUMENT  DEW-POINT HYGROMETER (LiCl DEW CELL)
UNIT )
YEAR 2008
WONTH [ 2 3 4 5 6 7 8 9 10 [ 2
1 5.6 9.2 6.4 8 9 2.1 6 20.6 22.5 5.8 8 3
2 -7.1 -6.8 5.2 .8 .3 4.4 2 22.2 23.4 1.5 4 7
3 -4.6 0.1 0.0 4 5 13.5 4 23.7 22.4 12.0 5 6
4 2.8 2.0 3.4 0 0 13.3 4 2.2 21.9 13.1 4 B
5 1.2 2.5 15 2.7 0 15.5 4 23.6 21.5 15.4 6 0
6 2.3 1.3 1.8 0.4 9 17.6 8 22.9 2.3 16.0 2 8
7 2.0 6.0 -0.7 8.4 4 15.1 5 23.0 22.0 16.1 5 3
g 2.2 -9.4 -4.5 8.9 5 16.9 .5 23.9 20.2 16.8 7 1
9 3.4 -3.5 -1.2 5.8 .8 18.3 4 20.9 15.6 15.9 0 0
10 0.1 1.2 3.6 7.9 7 15.7 9 19.0 16.0 16.6 6 3
11 1.4 1.3 3.6 9.1 2 17.9 0 21.9 18.4 16.8 1 4
12 3.7 2.3 11 7.0 7 14.2 B 22.7 19.0 8.1 6 B
13 55 1.3 10 54 0 13.9 4 230 19.5 1.4 6 0
14 -1.0 -11.2 9.2 8.9 1 14.2 8 23.3 19.5 4.5 4 3
15 5.7 -8.0 8.2 7.0 .6 12.7 .5 23.1 19.9 15.2 5 9
16 -3.7 -10.7 6.3 9.8 5 15.3 3 23.2 19.4 10.4 2 0
17 6.4 -10.3 48 "7 0 14.3 3 19.5 19.1 12.2 7 B
18 1.2 8.5 3.0 1.6 1 16.0 4 19.0 20.4 12.1 7 6
19 8.3 6.2 6.2 7.9 5 18.1 0 22.2 20.4 12.6 1 2
20 6.7 5.4 54 55 2 19.8 3 21.4 19.7 13.9 4 3
21 -4.8 -9.8 -1.4 3.8 R 20.8 2 19.6 19.6 1.5 9 R
22 5.6 -2.9 -2.4 0.9 0 19.3 8 15.5 17.5 13.1 8 0
23 -1.0 -4.3 1.2 3.3 9 17.2 7 16.6 18.0 15.6 0 2
24 4.6 9.5 6.1 13.8 9 17.8 7 20.9 15.6 19.4 1 4
2 -10.8 -10.5 5.8 9.4 9 15.7 5 21.5 18.0 15.5 9 B
2% 9.2 0.3 6.5 6.3 0 12.6 0 19.4 18.3 13.9 B 6
27 92 71 27 10.3 4 15.6 6 19.2 9.7 1.2 8 0
28 6.7 -8.7 5.6 8.3 5 17.9 3 23.1 1.2 9.5 6 6
29 1.5 5.2 -1.1 9.7 4 19.0 5 23.1 13.7 8.7 4 7
30 1.1 cee 2.1 1.4 0 16.4 8 22.9 15.4 4.9 .9 0
31 6.9 . 3.3 R 2 - 0 221 .- 7.4 . 1
WEAN 3.8 5.9 14 6 16.0 9 215 18.7 131 2 2
ITEM DEW-POINT TEMPERATURE (12.3 m HEIGHT)
INSTRUMENT  DEW-POINT HYGROMETER (LiCl DEW CELL) (E-771)
UNIT 0
YEAR 2008
WONTH 2 3 4 6 8 9 10 [ 2
1 5.8 ~10.0 6.6 2.0 .7 20.3 219 15.5 5.1 0.1
2 1.6 -1.5 5.3 1.2 14.0 21.8 2.8 1.1 7.1 5.3
3 5.4 -0.2 -0.1 4.2 13.0 23.2 21.8 1.5 9.1 3.6
4 2.8 2.2 3.9 1.7 12.8 23.7 21.4 12.9 6.0 5.1
5 -1 -2.7 -7.9 -3.0 ) 14.9 23.1 21.0 15.1 5.3 8.9
6 2. 1.7 8.0 0.2 1. 17.1 2.4 21.7 15.6 8.1 11
7 1. 6.5 0.9 8.3 7. 14.5 2.7 21.4 16.1 9.8 5.9
8 2 9.8 4.3 8.5 2 16.4 235 19.7 16.2 4.8 0.2
9 3. -3.7 1.4 5.5 5. 17.9 20.5 15.1 15.6 4.4 3.8
10 0. -1.4 3.6 7.3 8. 15.3 18.6 15.6 16.3 4.8 8.2
1 1. -1.5 4.0 8.7 6. 17.4 21.4 17.8 16.2 3.8 6.3
12 3. 2.0 -1.3 6.8 5. 13.4 22.2 18.1 6.8 6.3 5.3
13 -6. 1.7 0.8 5.0 7. 13.5 2.5 19.1 10.9 6.4 4.8
14 1. -11.4 8.7 8.5 9. 14.0 22.8 19.0 13.9 8.3 2.9
15 -6. 8.4 7.9 7.0 10. 12.2 2.7 19.3 14.8 1.2 11
16 -4, -11.5 6.4 9.6 1. 14.8 2.7 18.9 10.3 12.8 1.0
17 1. -10.5 4.4 1.3 1. 13.8 18.9 18.7 1.9 1.4 5.7
18 1. -8.7 2.8 1.1 1. 15.5 18.5 19.9 12.0 8.4 5.3
19 -8.8 6.1 6.0 7.6 14, 17.7 21.6 19.9 12.3 4.8 -0.5
20 1.4 5.4 5.0 5.2 14, 19.4 20.9 19.2 13.5 4.9 2.4
21 5.2 -10.5 -1.7 3.2 8. 20.3 18.9 19.0 1.4 2.2 5.3
22 6.0 3.2 2.6 0.4 13. 18.8 14.9 17.1 12.9 2.2 5.7
23 -1.4 -4.4 1.1 2.6 13. 16.6 16.1 17.6 15.2 0.8 -1.8
2 5.0 9.7 5.9 13.4 15. 17.2 20.3 14.9 18.9 3.8 0.6
2 -11.2 -11.0 5.5 8.9 17. 15.2 20.8 17.4 15.0 3.5 1.0
26 9.6 -0.5 6.3 5.9 16. 1.9 18.8 17.7 13.1 2.9 -8.8
27 9.8 -1.5 2.3 9.8 14.9 18.6 8.3 10.9 45 10.2
28 -1.3 -9.1 5.5 8.0 17.3 2.4 10.0 9.1 7.5 6.9
2 0.9 5.5 1.6 9.5 18.5 2.5 13.0 8.2 5.4 4.2
30 0.8 .. 1.6 1.3 15.8 22.3 4.8 4.3 -1.2 0.0
31 1.5 .- 2.5 21.5 6.9 .- 8.3
WEAN 42 62 [ 6 15 5 21 0 18.1 127 10
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DEW-POINT TEMPERATURE (29.5 m HEIGHT

ITEM

DEW-POINT HYGROMETER (LiCl DEW CELL) (E-771)

(e
2008

INSTRUMENT

YEAR

12
-0.2

10

MONTH

4.6

21.9

20.2

14.9

5.2
3.5
5.1

6.2
8.8

21.7

16.5

5.5
4.7

8.8
-1.6

-6.5

8.0
9.3
4.0

23.2

18.8

23.7

21.7

23.0

21.6

22.4

22.1

22.6

20.7

-0.7

3.7
8.0

5.9
5.2

3.8
4.1

2.6
-1.2

4.5
0.9
5.5
4.9
-0.8

3.5
6.1
6.1
8.1
1.1
12.7
1.2
8.2
-5.3

5.9

2.3
5.5
5.5
-2.2

-5.3

-2.17

-2.9

0.4
3.6
3.2
2.6

-0.8

0.7

-9.1
-10.6

23.6

19.9

20.5

17.1

18.5
21.4
22.2
22.5
22.7
22.6
22.7
18.7
18.4
21.6

18.3
19.3
20.6
20.7
22.1
20.0
21.0
22.0
23.0
20.8

20.8

20.0

-2.4
-1.5

-10.7 -6.9

-6.1

-8.2 -5.5

-0.3

-8.0

4.0
1.3

-3.2

-0.3

-5.8

-2.3 -4.2

-3.0

-2.9

-8.3

1.5
1.4

2.3

0.0
8.2
8.3
5.2
7.1

-8.3

2.0

-6.8
-10.4

-3.0

-4.7

5.4
8.0

-4.0

3.2

6.5
5.1
1.4
9.5

8.5
6.6
4.8
8.3
7.1
9.4
1.0
10.9
1.3
4.9

3.5
4.2
-1.7
0.6
6.3
4.1
2.6
5.9

-1.6
-1.6
1.9

122
108
8.9
6.0

-1.5

0.1
0.6
3.1
-6.8
-8.5
-6.8
-4.3
-8.4
-9.1

4.7

-5.4
-11.0

-1.9
-5.5

2.8 8.0 20.2 20.8 18.8

0.1

2.1

2

14.8

21.4

16.0

22.3

20.2

22.3

20.8

22.1

18.8

21.5

4.4
7.4

5.1

1.7
9.5
12.8

18.6

22.0

-1.3

8.9
1.8
3.6
6.5
12.5

22.4

20.7

-4.1

22.4

20.1

-0.2

-1.6

14.7

22.3

19.3

8.7

21.5

18.6

-3.0

-3.4

-4.5
-10.0
-11.4

6.3

22
23
24
25
26
21
28
29
30
31
MEAN

1.7
13.2

5.8
5.4

6.1

-5.2
-11.4

8.7
5.7
9.6
1.1
9.3
1.2

-0.8

-9.9
-10.2

2.0

5.3
-2.4

-1.9

9.5

-1.8

-5.9

0.5

1.3
2.2
0.9

0.6
-1.9

4.5

0.7

4.5

18.0

21.0

20.4

15.3

10.9

5.9

6.5

PREGIPITATION (0.3 m HEIGHT.

ITEM

RAIN GAUGE (TRIPPING BUCKET TYPE) (B-011-00)

(mm)

INSTRUMENT

2008

YEAR

12
0.0
1.5
0.0
0.0
8.0

0.5

10
5.0
0.0
0.0
0.0
3.5

1.0

MONTH

0.0
0.0
0.0
0.0
0.0
0.0
0.5

0.0
0.0
0.0
0.0
0.0
0.0
0.5

0.0
0.0
0.0
0.0

0.0
0.0
0.0

11.0

0.0
0.0
20.5

0.0

0.0
0.0
0.0
0.0
0.0
0.0
26.0

0.0
0.0

0.0
0.0
10.5

0.0
0.0
0.0
0.0
0.0
0.0
0.5

3.0

4.5

0.0
0.5

0.0

0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
1.5
0.5

19.5

0.0
0.0
0.5
0.0
0.0

0.0

0.0
0.0
0.0
0.0

0.0

0.0
0.0
16.0

0.0
22.0

0.0
0.0
2.0

0.0

0.0
0.5

0.0
0.0

0.0

72.0

0.0
0.0

0.0

0.0

0.0

12.5

LWooooooowo
“tooowooooo
cowooooooo
~—coc-cococwaooo
omwoocowoooo
coco~Nocoocoo
LWowoooooocoo
~¥—-—Sococ8o~.s
~
*
cocoocoococoocococoo
SO oS oo Kool
& 15}
coocococoocococoo
Sooccococococooo
cocoocococooococoo
00,020.00.00.00,0
cocoocowooocoo
Scocossoc oo oo
LWoowwo oo oW
9.7..0.0,50.03“0
cococcowoooo
Nooo®©oooo©

Lwowooooooo
Sooocococoscooo
cowoooowoo
Sowoococococoo

0.0
0.0
8.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
54.0

0.0
0.0
0.0
0.0
21.0

1.5
0.0
0.0
13.0

16.5

0.5

0.0
0.0
0.0
0.0
0.0
0.0
0.0
13.0

0.0

51.0

0.0
0.0
0.0
0.0

9.5

0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
5.0
0.0
0.0
0.0
0.0
0.0
4.5

16.5

0.0

0.0
0.0
0.0
4.0
0.0
0.0

2

15.5

0.0
0.5
4.5
6.5

24.0

0.0

22
23
24
25
26
27
28
29
30
31
TOTAL

0.0
0.0
0.0
0.0
0.0
0.0
15.0

4.0
0.0
0.0

0.0

58.5

19.0

8.0
0.5

5.0
0.0
2.5

0.0
0.0

12.0

3.0

0.5

5.5
1.0
0.0
0.0

0.0
120.0

0.0
0.0
37.0

0.0

1.0
4.0
0.0
4.5
16.5

22.5

0.5

0.0
4.0
0.0
0.0
28.5

0.0

0.0
0.0
0.0

0.0
0.0

3.0
0.0
0.0
121.5

20.5

16.0

5.0

19.0

0.5

0.0

0.5

45.0
298.0

6.0
147.0

0.0
16.5

57.5

107.0

121.5

13.0 193.0

61.0
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ITEM ATMOSPHERIC PRESSURE (1.5 m HEIGHT)
INSTRUMENT ~ BAROMETER (PTB210)
UNIT (hPa)
YEAR 2008
MONTH 1 2 3 4 5 6 7 8 9 10 11 12
1 999 1015 1002 999 1014 1011 1010 1010 1005 1007 1009 1022
2 1008 1019 1012 1008 1011 1016 1009 1005 1003 1012 1010 1018
3 1012 1008 1004 1005 1008 1013 1008 1003 1002 1015 1007 1017
4 1015 1010 1007 1011 1009 1013 1005 1005 1007 1012 1012 1020
5 1015 1013 1012 1015 1001 1009 1006 1007 1012 1013 1019 1009
6 1013 1012 1017 1016 1005 1004 1007 1007 1013 1006 1016 1010
7 1012 1009 1015 1013 1005 1008 1009 1007 1010 1012 1008 1024
8 1008 1015 1019 1006 1006 1008 1009 1006 1008 1018 1011 1025
9 1011 1016 1018 1012 1010 1007 1009 1006 1013 1021 1014 1020
10 1018 1012 1011 1006 1014 1007 1007 1009 * 1016 1016 1018 1013
1 1016 1018 1014 1002 1014 1003 1003 1010 1010 1008 1023 1011
12 1009 1003 1023 1012 1018 1003 1002 1009 1005 1014 1021 1012
13 1013 1006 1025 1016 1014 1005 1006 1007 1010 1015 1020 1015
14 1021 1009 1016 1010 1012 1009 1006 1002 1012 1018 1019 1010
15 1023 1009 1012 1015 1013 1013 1007 997 1012 1016 1016 1016
16 1017 1013 1010 1017 1012 1011 1005 996 1008 1022 1008 1023
17 1020 1018 1014 1017 1008 1014 1004 1005 1011 1023 1006 1019
18 1023 1023 1018 1005 1014 1015 1003 1008 1013 1023 1004 1007
19 1025 1021 1016 1005 1013 1010 1005 1001 1010 1020 1007 1017
20 1022 1014 1010 1012 998 1006 1007 998 1007 1013 1015 1020
2 1018 1017 1011 1013 1009 1002 1006 1000 1006 1017 1012 1014
22 1021 1015 1015 1015 1012 997 1006 1008 1005 1020 1018 1008
23 1013 998 1014 1014 1012 997 1006 1008 1005 1021 1017 1017
24 1003 1006 1007 1007 1009 1001 1004 1006 1009 1013 1019 1018
25 1014 1022 1009 1010 998 1003 1003 1009 1005 1013 1013 1003
26 1018 1009 1005 1013 1000 1005 1007 1012 998 1008 1021 1006
27 1018 1000 1008 1007 1005 1008 1009 1010 1011 1007 1017 1011
28 1017 1008 1007 1012 1009 1011 1007 1008 1017 1008 1001 1008
29 1007 1004 1013 1016 1007 1004 1005 1007 1016 1006 1009 1010
30 1006 e 1012 1014 1011 1004 1008 1008 1013 1016 1012 1004
31 1010 f 999 s 1009 s 1011 1005 f 1015 s 1005
MEAN 1014 1012 1012 1011 1009 1007 1006 1006 1009 1014 1013 1014
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L. Janchivdorj (&> INEMET 7 3 —HUERESIIZET  KEH - FIHEE)
Water Resources and Management: Challenges of Mongolia

One third of the Mongolian territory is occupied by surface water networks, of which
70-90 per cent are nourished by precipitation. Consequently, as Mongolia is receiving less
and less rainfall, many rivers and streams have dried up. This process has been occurring in
the country for the last two decades. Due to the mountainous landscape, almost all rain-fed
rivers run to the Arctic and Pacific Ocean Basins and most of the surface run-off flows out
of the country.

The sustainable rate of surface and ground water use has already been exceeded in some
areas: for example, in the Tuul River and Shariin River Basins. This situation is likely to
become more widespread if current trends continue. Overuse has not only led to the loss and
depletion of water resources, but also caused a decline in water quality. Changes have been
observed in the quality of water near the capital city of Ulaanbaatar, where wastewater is
being discharged into the river.

Following the adoption of a free market system, the economic structure changed and
the mining industry quickly developed. Correspondingly groundwater pollution in mining
areas has increased markedly. A set of ecological criteria for guiding the safe utilization of
groundwater resources needs to be determined, and a better understanding of ground-water
system regimes is required in order to prevent exploitation beyond self-renewable levels.

Research work for the identification of groundwater resources, recharge rates, dynamics
of groundwater within the aquifers, and interconnections between shallow and deep aquifers
plays an important role in assessments of current and future water supplies for Mongolia.
The use of isotope techniques is an important aspect of groundwater resource management.
The analysis technique, used together with traditional hydrologic tools, provides a rapid
low cost understanding of large-scale groundwater systems. The National Water Resources
Development Program is focused on training professionals and coordinating academic

organizations’ input to integrated water resource management policy making.

2008. 6. 6 FLEKFFAHA AR L I —  Sh0E 65 4
kR (BRFEEFR) 5k 5 FE, HEEAONK]
1982 4EIZHP RS BRBERFFEIFERHC AZ L CLUSREI N 2L TV 7 A, A/ 8— )b, B,
FRy T, FFIZE»% L, B2z il ImnwE Lol Snw e @B LT, BROF A+
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2008.11.14 45 101 [+ 3 F— Zn%E 12 %
J. Toth (Department of Earth and Atmospheric Sciences, University of Alberta, Edmonton, Canada)
The Modern Scope of Hydrogeology and the History and Future of its Evolution:
A Personal View

The objectives of presentation were 1) to review the history of hydrogeology: concept,
paradigms, and changes in scope, ii) to characterize modern hydrogeology and iii) to show
what modern hydrogeology demands from, and offers to, its students and practitioners.

As the future envisaged, Prof. Toth mentioned that 1) in general: Hydrogeology has
come of age. It is now both a basic science and a specialty. Because its maturity no major
conceptual developments can be expected in the foreseeable future. Instrumental, analytical,
and computer techniques continue to progress; recognition and application of hydrogeology
will expand in and to increasing numbers of specialties. “Dry rock™ is being replaced by
“Wet rock™ . ii) in particular: Merger of the Branches of Natural Sciences and Engineering
requires broader educational basis than before: geologist must learn the quantitative rigor
of the engineer, engineers must respect the geologist’s lack of rigor. Birth of specialized
(hyphenated) sub-disciplines will continue and accelerate: Contaminant-, Eco-, Petroleum-,
Forest-, Karst-, Agricultural-, Environmental-, and so on, “Hydrogeologies”

As the summary of his presentation, he emphasized that modern hydrogeology has
four paradigms: 1. Scale-dependent hydraulic continuity; 2. Basin-wide problem-solving; 3.
Geologic Agency (gravity-drive zone); 4. Geologic Agency (crustal zone). (from the lecture by
Prof. Tadashi Tanaka)

The Modern Sco,
Hydmgeplogy and the msg:ry
Future of its Evolution;

A Personal View

Lecture by Prof. J. Toth at the TERC Seminar on 14 Nov., 2008
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