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SYNTHETIC OBSERVATION OF ATMOSPHERIC BOUNDARY LAYER IN THE LAKE
BIWA PROJECT '95

By Kenji TANAKA, Satoru OIsHI, Eiichi NAKAKITA, and Shuichi IKEBUCHI

Synopsis

The synthetic observation of atmospheric boundary layer was carried out in the
Lake Biwa Project from 23th to 30th October in 1995. The vertical profiles of atmos-
pheric variables (air temperature, humidity) and their daily variations were observed
in three ways - mooring balloon, airship, and radio sonde. Especially, the use of the air-
ship in the atmospheric boundary layer observation was the first attempt in the world.

Comparing the airship observation with existing observation, it can be said that
the airship has much advantage in the observation of atmosphere especially for the
temperature field.

Three dimensional LCM-SiBUC coupled model was applied to this study area By
making use of the observation data as initial conditions, some numerical simulations
were carried out for the cloudy and sunny weather conditions. The predicted evolutions
of atmospheric boundary layer correspond to the observation results.
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Fig. 1 : Experimental field of Lake Biwa Project 95.

The flight lines and hovering. points for airship observation are also shown.
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Table 1: List of acquired satellite data during Lake Biwa Project’95

Date | Satelite Remarks
10/23 | Landsat-5 TM good for north-west side from AMR2 course
Landsat-5 MSS good for north-west side from AMR2 course
SPOT-2 HRV good for total area
10/25 | JERS-1 SAR good for total area
10/26 | JERS-1 SAR good for total area
ERS-1 SAR good for total area
MOS-1b MESSR | good for total area
10/28 | SPOT-2 HRV good for within the circle (center: paddy3, diameter: 5km)
10/29 | SPOT-2 HRV good for the south part (2/3) of AMR1 course
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Table 2: List of radio sonde observation (Kyoto univ. WRRC team)

Date | Obs. Range(km) | Start-End Time | Remarks
10/23 | 0~19.4 09 : 00~10 : 12 | sunny
0~19.0 10 : 49~11 158 | sunny, no wind data, synchronized with airship
0~19.9 13 1 14~14 29 | sunny, north-east wind, synchronized with airship
0~19.0 17 1 14~18 : 33 | sunny, synchronized with airship
0—~16.5 20 :44—21 155 | sunny, no wind data
10/24| 0~19.8 06 : 00~07 : 15 | cloudy, cloud bottom: 1679m
0~19.7 12 1 08~13 115 | rainy, east wind, cloud bottom: 977m
10/25] 0~13.4 11:19~12 : 13 | sunny
0~14.5 16 1 13~17 118 | cloudy,cloud bottom: 1890m
10/26 | 0~16.3 15 :45~16 : 52 | sunny, synchronized with airship
0~16.2 19 :16~20 . 26 | sunny, no wind data, synchronized with airship
10/27] 0~19.0 06 : 59~08 : 12 | sunny, synchronized with airship
0~19.1 09 : 07~10 : 24 | cloudy, north wind
0~20.8 12 1 02~13 : 19 | clear sky, north wind, no wind data
0~22.0 15 : 02~16 : 22 | sunny, north wind
0~17.2 18 1 04~19 : 26 | sunny, north wind, no wind data
10/28 | 0~18.5 06 : 02~07 : 20 | sunny, no wind data
0~20.3 09 :02~10 : 23 | sunny, no wind data
0~21.1 12 1 31~13 1 50 | sunny, synchronized with airship
0~20.5 15 :01~16 : 22 | cloudy, cloud bottom: 2490m
0~16.7 18 :01~19 112 | sunny
10/29]0~19.9 09 : 06~10 : 22 | cloudy/rainy, cloud bottom: 1255m
0~20.7 12 1 01~13 . 14 | cloudy, cloud bottom: 1436m, no wind data
0~23.5 15 :00~16 : 26 | cloudy/rainy, cloud bottom: 1129m
10/30| 0~21.1 09 1 04~10 © 26 | cloudy/sunny, cloud bottom: 775m
0~19.0 12 :17~13 : 34 | sunny
0~22.4 14 : 58~16 : 27 | sunny
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Table 3: Mooring point of balloon observation

Team Mooring Point Obs. Range(m) | Obs. Items

Kyoto Univ. WRRC |Ground(near Lake) |0~150 wind speed, air temp., humidity
Shibaura Tech. Univ [Paddy 1 0~50 wind speed, air temp., humidity
Saitama Univ. Nagahama City Hall 120~60 air temp.
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Fig. 3 : Mooring balloon observation.
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Table 4: List of mooring balloon observation (Kyoto Univ. WRRC)

Date |Obs. Range(m) |Start-End Time | Remarks

10/23|10~90~10 15 1 33~16 © 17 |sunny, short of buoyancy, synchronized with airship
10~110~10 {17 : 03~17 : 56 |sunny, short of buoyancy

10/24{10~150~5 06 : 35~07 : 46 |cloudy

10~150~20 109 : 24~10 : 36 |cloudy, stop (strong wind)

10/25 no observation (strong wind)

10/26[5~150~5 06 :15~07 : 39 |clear sky

5~150~5 09 :02~10 : 36 |clear sky

5~150—~5 12 1 03~13 © 22 |clear sky

5~150~5 13 154~15 I 34 |clear sky, strong wind, synchronized with skyship
5~150~90 16 © 33~17 : 41 |sunny, synchronized with airship

10/27|5~150~5 06 © 47~08 . 25 [clear sky, stop (balloon broken)

10/28 no observation (unable to use the ground)
10/29/5~150~5 10 1 06~11 : 34 |sunny

5~150~5 12 1 04~13 15 |cloudy

5~150~60 15 1 01~15 51 |cloudy, stop (rain)

10/30 no observation (short of members)
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Point Observation Mode ~ Horizontal Observation Mode

M
rll"ﬂnCity
Control Volume ~ AMR Course
Observation Mode Observation Mode

Fig. 4 : Four modes of airship observation.

2AMR (Airborne Microwave Scanning Radiometer) i& 21 2 #I5HIZ3TH LiF % F % LT\ 5 ADEOSII
AT 5E D AMSR (Advanced Microwave Scanning Radiometer) DB /-0 IZE S h, LEKGE,
HEREEE, BREMESELBINIRE L5,
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Table 5: List of sensors for airship observation

Instruments Obs. Items Team Remarks
pygeometer upward longwave radiation Tokyo Univ.Agr. bottom of airship cabin
pyranometer upward shortwave radiation

radiative thermometer surface radiative temperature

NIR video camera upward NIR radiation Chiba Univ,

VIS video camera crousing condition Kyoto Univ. WRRC

Thermotracer surface radiative temperature Ehime Univ. Agr. window of airship cabin
CO2 analyser CQO2 concentration Tohoku Vniv.

Climomaster X 5 wind speed, air temp., humldity Shibaura Tech. Univ. Rope(10m interval)
Robinson anemometer wind speed Tokyo Tech. Univ Rope(50m from cabin)
hygrothermometer air temp., humidity

3D-SAT flux(momentum, sensible heat) Tokyo Univ Agr. Rope(30m from cabin)

Table 6: List of airship observation

Date | Observation Mode | Remarks
10/23|Point Obs. .
Lake Shr, 16hr
Forest 10hr
Paddy 11hr, 13hr, 17hr, 20hr
City 12hr, 19hr
10/24 |maintenance day engine trouble (oil leakage)
10/25no observation strong wind
10/26 |Horizontal Obs. 6:.17—-8:18
AMR Couse Obs. synchronized with AMR (9 :36~11 :23)
Point Obs.
Lake l4hr, 17hr
Forest 12hr
Paddy 15hr, 19hr
City 16hr
10/27| Point Obs.
Lake 6hr
Paddy 7hr
City 8hr, Stop (strong wind)
10/28 |Horizontal Obs. 5:58~7:32,16 : 08~18:32,19 : 07~20 I 55
AMR Course Obs.  |synehronized with AMR (9 © 39~12 : 19)
Point Obs.
Forest 8hr, 14hr
Paddy 13hr
10/29|Control Volume Obs.
Quadratic prism |10 :36~13 112
Triangular prism [13:21~15 .18
10/30] AMR Course Obs. _|synchronized with AMR (11 : 28~13 © 32)




BEHIOY 22 MOSIIBIT A ARKEREE 293

4. BARRELVEE

4.1 RS
10 A 26 HIZi3, #R0ORESIREREAT 14 B L 17 BRIC, KHEBOY »FERIAT 15 B & 19 BHZ2h 2R
FATRROE BB L FMAT 2 Z LT E 72, 72771, #RFNOEMIYIE Table. 7 9:E Y Thsb,

Table 7: Synchronized time

Location | Means Time Remarks
Lake airship |13 : 55~14 : 41{100m — 800m

balloon |13 2 54~15 1 34/150m at 14 . 48
Paddy |airship |15 : 03~15 ! 54{800m — 100m

sonde |15 45~ a few minutes for ABL
Lake airship (17 2 20~18 : 33|100m — 800m

balloon [16 : 33~17 :41|150m at 17 : 26
Paddy |airship {18 . 37~19 ! 26{800m — 100m

sonde |19 [ 16~ a_few minutes for ABL
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: Synchronized observation of air temperature.

(left-side:airship and balloon, right-side:airship and sonde)
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Fig. 6 :Synchronized observation of air humidity.

(left-side:airship and balloon, right-side:airship and sonde)
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Potential Temperature Profile
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Fig. 7 :Observed evolution of ABL for different weather conditions.

(left-side:10/29 cloudy, right-side:10/30 sunny)
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Fig. 8 . Atmospheric field of early morning on 26th Oct. from airship
observation (climomaster).

(left-side:temperature, right-side:humidity)
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Fig. 9 : LCM-SiBUC coupled model.
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Fig. 10 : Simulation domain.(left-side:topography, right-side:landuse)
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Table 8: Initial conditions for numerical model

10/29 10/30 Remarks
potential temp. 287K at 1om  |288K at 15m | +5(K)/1000 (m) (15m ~5000m)
specific humidity 7.0g/kg at 15m |8.0g/kg at 15m |-1.5 (g/kg) /1000 (m) (1000m~5000m)
Water temp. 291K 291K
Canopy, Grass temp. | 283K 283K
Building, Road temp. | 288K 288K
Soil Moisture(wetness) 0.9 0.9 constant (no distribution)
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Fig. 11 : Predicted evolution of ABL for different weather conditions.

(left-side:10/29 cloudy, right-side:10/30 sunny)
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Fig. 12 : Predicted evolution of ABL above different landuse condition.

(left-side:forest, right-side:lake)
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Fig. 13 : Predicted evolution of IBL(Internal Boundary Layer).
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