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Abstract

The objective of this investigation is the development of the techniques for remote
measurement of environmental factors using laser radars (lidar) and multispectral scanner
(MSS) and their data evaluation.

The lidars under investigation are three different types of Mie-scattering lidars, that is, a
large lidar which scans the aerosol distribution within about 50 km horizontally and
vertically, a mobile lidar on board a vehicle, and a simplified lidar system which may be
operated even in bad weather, and in addition, a differential absorption type of lidar (DIAL)
is tested.

With these lidars noise in the measurement is eliminated, and systematic errors are
elucidated and controlled. Further, the computer programs of the operation of tidar and of
image processing are developed.

Then the lidars are used for the measurement of the distribution of atmospheric volume
extinction coefficient due to aerosol. The technique for the measurement of wind direction
and speed in the upper air is developed, which gives the daia close to those measured on a
meleorologicé[ tOwer.

Using the edge enhancement technique of the lidar image the convection cell structure in
the upper mixing layer can be clearly imaged. Then from the image the height of mixing
layer and temporal variation of vertical and horizonatal sizes of the convection cell are
determined.

Using the DIAL the concentration of 0.17 ppm of NO; in stack plume may be accurately
measured and the possibility of the DIAL for the measurement of atmospheric concentration
of NO; is under study. .

The effeét of atmospheric scattered light and light reflected at water surface on the
estimation.of transparency, SS, and chlorophyll-a of surface water from MSS image taken
on board satellite and aircraft is studied. It is found that 70-~90 % of light sensed by MSS
is the one scattered in the atmosphere and that 40~50% of upward radiation on water
surface is the light reflected at water surface. It is found that the regression equation.between
the water quality and response of MSS corrected for the above effects is independent of the
atmospheric condition. High correlation is also found berween the meisture content of soil
within 5 cm under the soil surface and MSS response.

The data obtained from the remote measurements also may be applied for the formulation
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of an exact equation for the diffusion of pollutant near a road, and the development of the

techniques of optimal allocation of air menitoring stations and sites of remote sensors.
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An Error Analysis and Improvement of Accuracy in a Long Range Measurement

by a Large Scale Laser Radar

ARG BREEMT - BRI
FAFE—BR® « ATEER!

Hiroshi SHIMIZU!, Yoshikazu IIKURAZ, Yasuhiro SASANO!
Ichiro MATSUI® and Nobuo TAKEUCHI!

£ B

B RGERRELFAET 28N TRy - — v — 5 —28UF L, Co#EHE
==K L THE 1.06 um TEHEHAT0OW O Nd: YAG —¥—k, ZOHEZ
B (FEE32nm, EHHH10W) 2FEHEL, $0ELRERS 1B 25 mcife
ERTHE, 2, ZEERBLUEHER LS MO e /v v BEEALTwE,
EuERLET 288, IEOREXETs€3=Z>08RHS, 22T, Zh
SOEREZWMNBLIHEERRLEE3HHEC YL TR E,

FORR» S, COEBOMNEESREHNSERE L Twa I EAREAL, 5
HEBOEBELTWE I EMERE L,

Abstract

A large-scale laser radar was constructed to measure the air pollution in a wide area. It
is composed of a high power Nd : YAG laser whose average output energy is 30W (at 1.064
pra) and 10W (at 532nm) with the repetition rate of 25pps, a large receiving telescope whose
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Engmeermg Division, the National Institute for Environmental Studies. Yatabe-machi, Tsukuba, Iharaki 305,
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effective diameter is 1.5m.

It is pointed out that there are three problems which degrade the accuracy of the
measurement.  Discussion is made how to improve the accuracy.

The noise analysis shows that shot noise limit the signal 1o noise ratio of the present laser
radar system.
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Fig. 2 OQutside view of the building in which the laser radar system in located
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Table 1 The specification of the whole system

Laser

Material

Average output power
Qutput energy/pulse
Repetition rate
Pulse duration
Beamn divergence
Receiving telescope
Type

Effective aperture
Focal length

Spot size on focus
Scanner

Scan type

Scan rate

Accuracy of aiming
Accuracy of scan
Light transmission

Nd: YAG KD*P{SHG)
W 10W
1.2] 0.4]
25 pps
15 nsec
0.3 mrad

Cassegrain
1.67 m?
8m
1mm

Azimuth-elevation

600~~9.25 deg/min
1min (0.3 mrad}
Lmin (0.3 mrad)

Semi-Coude

Receiving optics
Field of view
Monochromation

0.15~4.8 mrad
if filters and double monochromator

Band width of filters 0.7~1.54
Transmittance of filters 12~-249;,
Focal length of monochromator 30 cm
Signal processor
Type ' Digital processing
Min. sample rate 10 nsec
Accuracy 8 hits
Memory 2ch: 2048 words/ch

Data processor
Type Mini computer-large computer combined system
Mini computer TOSBAC 7/40
Large computer HITAC M-180
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Table 2 The value of parameters 1o be used for the calculation of S/N

Parameters Values
Laser photon number/pulse; #o 1.08x10'"£10%
Range resolution ; L{m) 75
Efficiency of aptics; K (%) h6L109%
Rayleigh backscattering coef; #(m™) G.156 % 167
Transmittance of air; T 0.544209*
Effective receiving area; A (m?) 1.67
Geotnetric form factor; Yr 1
Quantum efficiency of a PMT ; » (%) 0.08+10 9%
Noise figure of a PMT ; 2+10 9%

*  The value of the ground surface.
**  The value at the 25km height.
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On the Solution of the Two-component Equation for
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Abstract

Numerical simulation was carried out to examine characteristics of the algorithm recently
proposed for solving the two-component laser radar equation. Solution of the two-
component Jaser radar equation requires a scattering parameter (ratio of volume extinction
coefficient 1o volume backscattering coefficient) and a boundary value. 1t is shown that these
parameters should be given accurately to obtain a reasonable solution in a relatively clear

atmosphere. Errors due to the inaccuracy of the parameters can be reduced for a solution
in a turbid atmosphere,
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Measurement of the Scattering Parameter
by Laser Radar and Optical Particle Counter
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Abstract

In order to obtain the aerosol concentration distribution by analyzing signals of laser
radar, estimation of the scattering parameter {the ratio of the volume extinciion coeffi¢ient
to the volume backscatter coefficient) is neccessary. A method to measure the scattering
parameter by laser radar and optical particle counter was developed and is discribed here.
The method employs the principle that the volume extinction coefficient estimated by oprical
particle counter using Mie theory and that obtained by laser radar signals are equivalent
when the assumed complex refractive index is valid. The result of field observation indicates

that this method used to obtain the scaitering parameter is usefull.
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Abstract ) ) ‘

A method to extract qﬁantilafive aerosol concemratiop distributions from data measured
with a laser radar was developed. Since this method enables extinction correction and the
ca]nbrauon of the laser radar system, the distribution of the absolute aerosol concentrahon
can be ob!amcd ‘where the acrosol concentration is expressed in terms of the volume
extinction coefficient. A method to evaluate the boundary conditions of the differential laser
radar equation was developed and the error of the volume extinction coefficient due to the
error of the scattering parameter was examined.

This method was applied to data measured with the large laser radar of the National
Institute for Environmental Studies, and aerosol concentration maps for 2 wide area
including the city of Tokyo were obtained. These two-dimensional data show the emission
sources of aerosols and their horizontal diffusion profiles. These data also show that the

aerosol concentration was higher in the southeastern part of Tokyo.
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Fig. 5 Examples of aerosol concentration distribution
Measurement area ; the area around the lake Kasumigaura over a square of 15 km in each
side. Time; Dec. 6, 14: 03. Measurement time : 2.3 min. Wind direction : WNW. Wind
speed ; 3.7 m/s. (a), (b), (¢) corresponds with the case, S; = 50, §, = 10, S, = 90 The
right side of (b) and (¢) are the histgram of 8:4(1,]), and dgo(1,]).
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Fig. 6 Examples of aerosol concentration distribution
Measurement area : the area around the lake Kasumigaura over a square of 15 km in each
side. Time; Dec. 5, 14: 12. Measurement time; 2.3 min. Wind direction; S. Wind
speed : 1.7 m/s.
(b) and (c) are the histgrams of &,4(1,]) and 8eo(1,]).
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Fig. 7 (a) Examples of acrosol concentration distribution

Measurement area ; the north-eastern part of the Tokyo over a square of 40 km in each
side. Time; Feb. 9, 20:03. Measurement time ; 22.5 min. Wind direction ; NW. Wind

speed ; 4.7 m/s.
(b), (c) are the histgram of 810(1,]) and dso(1,]).
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Fig. 8 Change of aerosol concentration distribution with time
Measurement area ; the area around the lake Kasumigaura over a square of 10 km in each
side. Time; Dec. 5, 14: 12-14: 48. Wind direction ; S. Wind speed ; 1.7 m/s. A part
of the results of the sequential measurement carried out at every 2.3 minutes.



KL —H— b — 8 — T L B 7 o 0 A O R HE

9 7 a LB
HIE S B o I 8km x 8km, HIE HEF 19834 12 H 17 | 1265, #lEH
B :22.5 43, JEUR C dbEE, JEGHE ;4.7 m/s,

Fig. 9 Example of aerosol concentration distribution
Measurement area ; the area around the lake Kasumigaura over a square of 8 km in each
side. Time; Dec. 17, 12: 00. Wind direction; S. Wind spc'ed; 4.7 m/s. Measurement

time ; 22.5 minutes.

Kitaura
Kasumiga- ¥
ura -

Narita Sawara 0 20 km

10 =7 oYL isEshe
BUEIE | R, - BRH % &4 50km x S0km, I HAF : 1984 464 F 6 B 20 5%,
BUFERSH © 22.5 43, A © AbdbEE, G 13 m/s,

Fig. 10 Example of aerosol concentration distribution
Measurement area ; the area around Kashima and Narita over a square of 50 km in each
side.  Time; Apr. 6, 20: 00. Wind direction: NNW. Wind speed ; 1.3 m/s.

Measurement time; 22.5 minutes.
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Experimental Estimation of Errors in

Measurement in a Differential Absorption Lidar System

AR « PrER

Nobuo SUGIMOTO! and Nobuo TAKEUCHTI!

E g

EHPUN L — -1 — & — (DIAL) i & 5 KEBRERD A MOEE I 5 2102
KDL TERIGTRI 21T /. AT, DIAL Al 8 2 BRI B2 8RN0 o
TaVABRESHOESCE2HBE O TKREV - F— 1D F ¥ 2RO TEE
L, ZHEEYY 2 EME - EEOMB, F— s MEARAE EEEOMFI O L TE
BT 5, %72, YAG Y —+—%H 7z DIAL EEC £ ) DIAL HIED " #Ew 517 2 i
OB S AL 2 R LAEOTMEETS & & b2, DIAL ¥ 27 40 R/
B owTEBHNZFE%TS,

Abstract

Errors in measurement using a differential absorption lidar (DIAL) were experimentally
estimated. The error caused by the fluctuation of the aerosol backscattering coefficient was
analyzed using the data of the NIES LAMP lidar. The dependence of the error on the time
interval of the two wavelength measurements and the dependence on the data accumulation
method were investigated. The systematic error due to the difference in the extinction
coefficient for the two wavelengths was estimated from a DIAL experiment using a tunable
dye laser pumped by a YAG laser. Also, the minimum detectivity of the DIAL system was

estimated.

1 RkRiwiz
FREBIGFIE T NO, DBESARE S B & Lo E20RIN L —¥—1 —%— (Differential

1. EAOEWES RFBRESS T 305 FMBNE IS HETRAN ] 16 7 2
Atmospheric Environment Division, the National Institute for Environmental Studies. Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.
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Diviation from the mean value of aerosol concentration at each distance is shown.
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Table | Specifications of the DIAL system used for the error estimation
Laser YAG laser pumped dye laser {Quanta-Ray PDLI)
Pulse energy 10 m]
Pulse duration 6 nsec
Repetition 10 pps
Spectral width 0.3 cm™?
Telescope 0.5 m Newtonian
Photomultiplier RCA 8852
Transient recorder Iwatsu DM901
Accuracy 8 bits
Clock rate 10 nsec
Memory 1024 words
Computer NOVA4/C
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Fig. 8 Experimentally estimated errors in DIAL measurements
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Development of a Simultaneous Two-wavelength Operation

Differential Absorption Laser Radar
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Abstract

A simultaneous two-wavelength operation DIAL (differential absorption lidar) was
developed. A simultaneous two-wavelength oscillating flashlamp dye laser was used as the
light source ; two photomultipliers were used as detectors; and a two-channel transient
memory with fast A/D converters and signal alalyzer for signal processing were also used for
the simultaneous two-wavelength operation. A pew tuning method using a dielectric
multilayer filter inserted in a cavity was examined and high quality spectra and intensities
were obtained. This DIAL system was used for NO; measurement in a stack plume. The
two wavelengths were set a1 463.1 nm (on resonance) and 4658 nm (off resonance). The
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concentration of NO, was obtained with 75m resolution by averaging 50 siglals (for 5
minutes) and its peak was 7ppm at the center of the stack plume. On the basis of these results,
problems of asimultancous two-wavelength operation DIAL system were discussed and

clarified.
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Transmitter Flashlamp-pumped dye laser
Pulse energy 5m]
Pulse duration 300 ns
Repetition 0.2 pps
Wavelength tuning Interference filter
Dye C1H {1.5x107* mol/D)
Wavelength Aen 463.1 nm
Aoss 465.8 nm
Beam divergence 5 mrads
Linewidth 0.5 nm
Receiver Fresnellens refracting telescope
Diameter 0.5 m
Focallength 3.8 m
Fieid of view 10 mrads
Photomultiplier detector HTV R376
Processor Transient recorder-DM$02 {Iwatsu)
Min. sampling time 10 ns
Accuracy 8 bit
Signal analyzer-SM2100 {Iwatsu)
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Fig. 4 Schematic diagrams of laser cavities with two diclectric multilayer filters {a) and
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Studies on Atmospheric Aerosol Diffusion near the Surface
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Tsuguo MIZOGUCHI', Yukoh TKEDA? and Kiyoshi WAKAZONO?
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Abstract

A diffusion model was studied for estimating distribution phenomena of airborne
particulates mainly derived from vehicles near the surface.

Generally, mathematical models based on diffusion equations for calculating concentra-
tions of gaseous substances in the atmosphere have been used for estimating behavior of
airborne particulates. In this study, the method for simulating movements of each particulate
was discussed. By the results of simulations, the diffusion coefTicients of airbane particulates
were rather smaller than those of gaseous substances by the efforts of its own viscosity and

gravity. For the reason, it appeared that concentrations of airborne particulates were higher
near pollution sources.

1. EUZAFHRF RS T 305 RGRRHERSHSET ¥ 16 8 2
Chemistry and Physics Division, the National lastitute for Environmental Studies. Yatabe-machi, Tsukuba,
Ibaraki 303, Japan.

2 BB EE EUAFNARTEARWES (FHAFEIFESR T 606 i nEFHED
Visiting Fellow of the National Institute for Environmental Studies. (Faculty of Engineering, Kyoto
University, Yoshidahonmachi, Sakyoku, Kyoto 606, Japan.)

3. EIR50 R BEUAHFRAEERTE (RHEAFIFE T o0 HETARKTHAR)
Reseach Collaborator of the National [nstitute for Environmental Studies. (Faculty of Engineering, Kyolo
University, Yoshidahonmachi, Sakvo-ku, Kyoto 606, Japan.)

— 13—



BOWK - EHY - BE &

1 £AH°%

BRERAPICTFAET SR TRYE ORE, LFHEE, HikerizosBERe s> TE 2o
BEEE42,

io, FEFLIE, BERT. K, B IR roafARcERT 0L, T45, 9
BEL POABRREOLO, S50, F¥ARWEL L TRERCHTH S, YEN, (LFEnidt
S TRTFRPEC 22 b0R Y, MO TEHEBERATYS, LrL, IhoDiFRYE
BREBEPTEDLINREHET T, B T2 EL ot ERMLIEREZHIEVHATOE
Ly,

iz, EREITOREER TRYE G, EEEL S OTERREIC L 2 0, EECHRL
ToBLODEE LFRURN, £E0METHEL2->TWEA A 774X Du 5T
ARESRDD, ThoOPICRARKIIEELYELEINTEY, *OBEHEHHT 2 LE N
ZIEREIETHRL,

AR, OLI)BEBAEIBST ANTRYEOEE YRR T LE7 LV EBET L 100,
PP ORABEE R UEMBEIF 2RO X EOERNLLOTH D,

2 IT7aVIoHLEEFY

MELEFVE, PROKEVCRTCHL TEBNEEES L L 8T 3 tilted  plume
models 2255, T Plume R B 2 5EHIEE & 7 % Stokes DI TR £ 2 MEREE V. %
AWT (h—x-vg/u) TEEBEZLLDTH 5,

%72, Van der Hoven B FOWBROFELZED AN S 2 i L - T Plume FOEIE #{T-
Twde i, KA TERS NI MFEICNHR T 2R T8 - Wig/S'm?) 2V &DTH
%o

W=Vaé&lx, v, 0) (1)

ZIT Ve \ZERIEEER L IRIF N B HEIER, olx, v, 0013, Gaussian Plume R X DR 2% (x, v,
NEBTEBRELSTT, (x, v, 2)CBITABEEN c(x, v, 2) THELoRD & &, MR UL
(x, ¥, 2d) KEG BB AR FEE W, 2KD A 2 LIIHL T2, source depletion madel #3
H4,B1# 1t Chambelain Hoven 5 & » TIRESh 0O T W i, KA L->TEHE2 o0 5,

Wf?%%%%%ﬁfmﬁ*h72ﬁd (2)

I, Qx)E TR x @i{ﬁﬁ#zﬂi%?’é FTwmkEL TRANEES -’35
B, wdEE, o KREORHESHTH S, _ N
#3#E @surface depletion modeliZ Horstiz & > THREa N HOT, W RN TEHEZ 615,
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wa=Ve{ QUOID(x, v, zo)= [ [ Vael, 0, ) Dlx—8, y=n, 2%, dy)
@)
lZT,

Dix, y, 2)= &lx, ¥, 2)/Q(x) (4)

B2 ORFIZEE Le® T AT D0nT I, Basset, Clseen } OF Boussinesq & 50D & 5 7o #inE
ﬁ%ﬁ%%%bfh’&o

4dr . duy 4z

3 @0 g =Taa *opFlu— u,p)—i syp+L %ra pﬁ(u—up)
d
u.u) .
+6a*{ mopt) _[7#——511'+Fe (5)

ZIT, oo 0 IFENFNRT, BROEE, up, uBFNFHET, BROEE, o 3RIE,
pRES, Foidsth, FigStokesDERNIFES 11, p BEGEOMSEETHS, B)R]h, 5T
B-THRRMNR, BUERESCORCHEET AH, HEHRmEECEEY 28, SEE
Basset ic¥ET 2] TH 2,

Hjelmfelt % Mockros & i#HF L EHOEFHAAE W E S (~10%) (G Hp, BELHE
BHEEOATHL I EERL TR, IO SHMFOEFABRIRRD LI wi 2,

d(;p=1‘"(up‘u)+Fe (6)

SEITI Y S av—v a3 TROROHE—DOFRIE MEETH 2 & L, HFoERHER &
LTRGAEEA TS, 20L&, MFD (x, v, 2) HRAOHEER % (up, vo, wp) £ L, BAO

(x, v, 2) HEIDEERD % (o, va, wa) 2T 2L, Bt m ORFOEHHABRIRATS 2
B,

Fx:m%"—z—fe-(up—ua)/u

Ay-mif;’T”:—R-m—ya)/u (7

F=m d;;p =—R(wp—we)v— W

ZITC, Fyy Fo, R RENEFNARNTFEHNLTE, v, 2 EMCEN, v 3REFORCHT 2
fEXEE, R IBADE TS5 2 52ATHED, W T @< EhsrTmT. v B, Wixshz

— 137 —



WOYCE - EEE - HE 2

n@), 9, QATHELsn 3,

v=v{#o~ tte >+ (0p—va )P+ (wp— wa )’ (8)
R:CD'A‘Pf'(UZ/Q) (9)
W=V-g-(as—ps) (10)

TIT, pse 0f REREFRETE, ERORE, V IRNFOER, A RBETFOWRER, C @

REHFRETHE 2,
(N~LORE D EFOEBHAREARIROATELGNS,

d;;p =—Cp-A-prov{up—ta)/2m
%&:—-Cp'A'Pf'U(w“vd)/zm } w
dwp =—Cor A ps y'(w;o-Wa)/zm_g(p‘_pf)/psa

ar
Z o, ERGORARETE Co 3BT v A S AAE R Y IRO L 5 RBEESH B,

Re<? Co=24/Re (Stokes DEEEN}
22 Re <500 Co=10//Re (Allen » )
500< R < 10° Co=0.44 (Newton # )

ZITOVEalb—vayid(e), MNMATEINL LI ZHEERELETOEEAEN2ER
LTiF=72,

3 zFovVviloilitinaes

3.1 EFIORE

Bk, BTORH AT A—F — OV THRARERZC LD RO T A—5—RAFTLL
ik, EFEDOMETT I EBMEINTWAY, I TRFOILMTEEREIC 2 THE
DB EFLVEROTRD THT,

BT QIR 2 FHTOEG ARG AEERN T -4 2525 2 Lic & DR TORE
ke, +OHEEFH» S Taylor DERICLDRATRDZ L3 TE S,

Ko= V3 [ Rus(§)at (12)

SHFE AV BEER T — 2 @ BRI 51~53 EHICKIRF I & > TITb I BEELEE
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RERRZE® OB RIS b s GRA/MR, BTH M, tEmEE, FESXMEErTI, Mg
HXE®) T, #— L 12.5m~15.0m CBBEE L -BTHEEAEEH LD 1B L w@Bfia
b dhTh s,

DEEER T — 5 2 BEuler BTH 20T, (12)RITHB W T Lagrange HHM 4 & Euler 5B~
DEHaL LT, Hay & Pasquill @ik, 74bb {=8t DL & RUL)=Re(t) TH H kv 3 BF
REANnZ,

— TiB
A;=3L@2L Reolt )dt (13)

1L, 843 Lagr-ange HatE» & Euler iR A~D A 7 —nEHEKTHED, chETOr D
AL THIBEEOER2 LA e MFIE7T—F L TLEO A TWE, 327, =40k
LTHEL &, .

1 @@ﬁﬁ&i 00 MDD F —FEDnTT, y AAR DWW TOAEERE R 2, HER
50um & 100pm, EE 3g/cm® O 2 EEORFIT DWW TH I, 15, Euler IR A L b
Y- (MEM) 2HTR:,

3.2 HEFAMOLIaL—La L rEE

AHREERIERTEBITHSL, CORFEETHT, EHARERDLERMGF 2K
KZ 50um, 100um ORFRUVED V7, Lagrange SBROBSHE [R., FLRSEER K 2 &
BT I,

HREKK 5 V7 & [RROBTE250BHYTHE, K OMERIET 518 VT &
ﬁhwﬁwf%itﬁﬁbbb%?wobtﬂof:i?@if,7ﬁ“ﬂh%%ﬂ%ﬂmow
TEELTw» <{,

® VEizout

BFLEO VE OEEHET 2L, TRIECRS R, KIES0um OHETHNEED
EFE L2 IULARTE > Td, LL, BEAXOBSICOWTED VE XORTFO V7

# 1 BtE&RMH

Table 1 Calculations conditions
particle density (g/cm?) 3.0
air density {(g/cm? 0.0012
dynamic viscosity of air (g/cm * s) 0.00018
initial velosity of particle (x) (m/s) 0.0
initial velosity of particle (¥) (m/s) 0.0
initial velosity of particle (2) (m/s) 0.0
calculation time step (s) 0.01

— 139 —



WO - emATH - 0

€ 2 BT rEOEEERR
Table 2 Paticuation and wind diffusion coefficient
{Kodai District Particle dia.,100um)

Vpsg me{,z W fRLPW fRLPmo IRH Kpso Ko K
(m?*/s")  (m/s")  (m*/sf) (s) (s} (s) mi/s)  {m®/s)  (m/s)

) 0442 0.434 0. 445 39.7 41.3 38.2 17.6 17.9 17.6
A 20 1.466 1.423 1.486 32.5 33.8 33.6 47.7 48.1 50.0
Y} 1.935 1.5900 1.954 38.5 35.9 40.0 74. 74.6 7.5

o B2 1.158 1.096 (125 54.9 55.8 56.9 61. 64.0
it |0 0.312 0.291 .321 54.5 58.3 54.0 17. 17.0 17.4
#FEmE

)
)

BE m o 3.085 3.926 .088 14.1 15.0 13.7 42. 44.0 42.3
}oo1.083 1.053 105 17.4 18.2 17.8 18. 19.2 19.6

5

1 I

0 (U

0.875 0.867 0.881 188.8 190.0 203.6 165.2 164.8 179.3
3 8

1 9

it 0.517 (.511 0.520 113.0 114.5 112.5 58.5 58.5 58.5

DHLBETFNE LA ->THD, HE 00um ORFEAB L, 26 V2 /S (Eils

& W%LA) CoERSECERTV S, T, BFoBs—RrsoBEIo»52 5
Ni:AEEH L O NS HEEEHCF I A L0 L 2 50T, HENKE i DB,
BOIGERERIZ/NE (AL hEELLIND, '

BllXy VS FOmBEgeRE DAL ES LT BT L% B,

@ fmmsmf

[ROToLTE M TOEL A EDERERELRE (B0, TOT LS, BFLROED
HEO—#i#E 1R T, Thrbebhs Thas9,

VI DE R um OB FORETE L Z A%LUN, K 100m ORFOBETE X
W%ENTHS, LoL, [ROATAL T S0um OBEEEFOHHEE D AS BHBEHE
100pm D2z 2 OHTHFOHHRL DA BESS K TED, [Rico0T, V2o
LY CHECr DO TREMFORN —EDBENS 2L Ty, L1, 50um k&
100m DE BT 5 &, TRCOBER 0T (R, 1 100um OB TFOHANE BT S
ZEm5, 50-100pum R EDE T CIEEL DKELS LD, FRUTTRELDANS (02 2 LpE
Zehb,

BLEE D, HESKE 55 : VERBEDDS X3 RE, [RogAs 5y, BENE
(B EFOFOERHIMED D EntbinoTz, Lioato THTF L EEREROANMEZhe O
ﬁ@@m@mﬁﬂiébw?@éﬁ,?ﬁ,ﬁaabuﬁ%km@@u%ngfk%&m:&m
b, HEERE AV LDERE, SEOV I 2 —¥ 20L& 9% 50-100pm BEOK TO
BERrE 2 he bbb L5 CBORHFEHREEF, SLIBETEDTHI,
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Fig. 1 Particle and wind diffusion coefficient (Kodai District, Particle diameter 100xm)
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4 HFOHLHIaL—a>

4.1 EFLORE
AEDRATEIMBAOFED D CENIBEARCHFERTHD, db ob Tov, Twid
SEAMELT S, ZoTR, ZOXI R IRTHFEEREDVWTHHY I av—va v 21T
v, EENTIREEOZEMBESAERD T,

BAHBOBE & L T—RD Markov 8 (ACERR) 2AV:5,

z(t+dty=pZ(t)+n(t) (14)

I, Z(t+A) BRR  DRE Z(4) R o DEESTRET 2, 4 BHBROEET, »(f) i
Gaussian white noise TH 2,
2, MO THiEE S Lagrange IBERIA 7 -0 T RELWET B E, p it T 2B0TRO
tiicgREhL,
4t
o=1 T, {15)

27, Gaussian white noise D5HEL% of, HOMEE 02 LT 5 k&,

an=(1—p*)03 (16}

v

TREND,
Lo T, ()~ 1)L, Ty 0 A 2522 LS VAREBERET 5 LT
%%, 22T, Tn OSBEAFATLZ 1AL LTRIMELEO XS TIRET 3,

CHOLTHELLAFEBCNTERE TS 2tk by iav—yvaridfTEhasss, 20
program flow 2 3 079, BEL -HERE I E TS 0~100m,. (855~155m, H& 0~
0m o JPoTEEEE s L, HTFRHOMGEGRER) (0, 0, 3m) 235, %7z, Counting Net
DAERAR IX =dY =10m, dZ=3m kL, HHEFHIZS00EET 3,

42 “ialb—i-arRBR:E®

B&E3m/s, BRETORXEFLBELLBETC LT, HBRRZREMCHEEL LT
TALED, TS0 HONB 24 CFRT, CORL P RFRMEOBSZ A ARME L HEL
TEHEEOEETCREBSORMTHRELTL THRECKBL TLEOEROBES/ NS L
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Table 3 Resulis of simulation (Wind speed 3m/s)

3 vialv—vaERE

(A) Concentration at the surface
DISTANCE (M)
_es 0 10 20 30 40 50 60 70 80 90 100
i 0.0 0.0 0.4 G.0 G.0 0.0 0.4 3.0 0.0 0.11
a5 0.0 0.0 0.0 a9.0 0.0 0.0 0.0 0.13 0.72 0.44
s [} 4.0 0.9 0.07 0.32 0.04 0.0 0.11 0.0 0.09
0.0 0.25 1.83 1.71 1.17 0.10 0.40 0.75 .30 0.50
E __1: 1.83 12.13 10.04 4.97 3.87 2.77 1'39. 1.63 1.42 0.46
= 146.57 77.90 23.45 8.22 6.06 5.68 5.15 4.32 1.90 0.53
E ’ 4.13 22.47 17.18 7.82 3.70 2.94 2.48 0.48 0.51 1.02
5 0.0 0.87 2.43 2.44 3:08 1.88 2.03 1.61 0.84 {.54
2 0.0 0.0 0.50 6.59 0.56 0.98 0.84 0.08 (.23 0.0
% 0.0 0.0 0.0 0.0 0.G - 0.52 0.72 0.47 0.52 0.95
# 0.0 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.06 0.07
{B) Concentration along the center line
DISTANCE (M)
0 10 20 30 40 50 60 70 80 90 100
* 0.0 0.0 0.0 0.0 0.0 0.9 0.0 0.0 0.9 0.0 T
7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
“ [URY) 6.9 9.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
. ! 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
‘% 1 .0 0.0 0.0 0.0 0.0 0.04 0.21 0.21 0.20 .20
E’J iz 0.0 0.0 0.0 ¢.0 (.16 0.17 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.11 0.06 0.0 0.11 0.23 0.30 0.57
? 0.07 0.59 0.72 (.98 (.52 0.85 2.02 1.30 1.17 0.82
! 14.73 15.29 12.36 .20 6.20 3.56 2.12 1.31 1.04 0.91
3 146.57 77.98 23.45 §.22 4.86 5.68 3.15 4.32 1.98 0.53
ERibind,

CE 3, 4IFEESTNRENR M s, m/s DEED Y I ar—Y s VBETH S, TG LDE
WK E 25 EHSDICBRICE D BESAN AMAICERERZ e lbhr b, 351
B E L EDDy, 2 AROBREOSE, 27 T T R IBZGESHEREINL, o, o2
W Troy Tow BB RIFTHEEZR~L 20, BE Im/s DBSOHERFCBELT 6
Tiw DAERELLEBEE DO TY ial—vark

va @&%j{‘% < L/T:ifﬁé-a &‘Uf TLt)q
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Table 4 Resulis of simulation (Wind speed 6m/s)

(A) Concentration at the surface
DISTANCE (M)

0 10 20 30 40 50 60 70 80 90 100

oo 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
- 0.0 0.0 0.0 0.0 .0 0.0 0.12 0.25 0.24 0.51
_3? 0.0 0.0 0.02 0.35 .14 0.41 1.07 0.45 (.44 0.39
*2? 0.0 0.07 0.79 1.47 1.52 1.41 1.33 1.27 0.43 0.44
: - 0.48 5.27 5.84 5.38 3.91 2.43 2.01 1.9 ° 1.01 0.62
% - 58.49 39.63 18.97 10.54 6.89 4.54 2.48 1.52 1.01 1.04
= ’ 0.50 6.17 3.56 6.51 5.51 3.82 2.75 1.47 1.35 1.52
P 0.0 0.11 (.83 1.47 1.90 1.87 1.65 1.60 1.30 0.90

> 0.0 (.0 (.05 ¢.28 0.49 0.32 0.45 0.91 0.84 0.44

® 0.0 0.0 0.0 0.0 0.10 0.0 0.17 0.09 0.19 0.74

® 0.0 0.0 0.0 0.0 0.0 0.0 0.0 .10 0.0 0.0

(B) Concentration along the center line
DISTANCE (M}
0 10 20 30 40 30 60 70 80 S0 100

% 0.0 0.0 0.0 0.0 .0 0.0 0.0 0.0 0.0 0.0

7 0.0 0.0 0.0 0.0 ¢.0 4.6 0.0 0.0 0.9 0.9

> 0.0 0.0 0.0 0.0 .0 0.0 0.¢ 0.0 0.0 0.0

— 2 0.0 0.0 0.0 0.0 G¢.0 0.0 0.0 0.¢ 0.0 0.09 -

i 8 0.0 0.0 0.05 0.0z .0 0.03 0.14 0.26 0.44 0.40
g iz 0.0 0.03 0.05 0.07 0.35 0.55 0.62 0.59 0.77 .56
0.0 0.07 0.28 0.70 0.90 1.07 1.0% 1.79 1.51 (.86
? 0.10 2.42 3.65 3.44 3.15 3.10 3.45 2.57 1.92 1.95

¢ 21.54 18.09 11.03 7.21 5.42 3.62 2.28" 1.45 . 1.61 1.12

’ 58.49 39.63 18.97 10.54 4.89 4.16 2.48 1.52 1.01 1.04

ﬁo?’:fﬁ, INeE!mB, gf, 05 MW Ty, Trw PRE {25 FEETES, Fho DB
B3R EIRTHL b ot, /2, B ol s 052 5FEDAY Tre, Tiw & D
k%m:tﬁﬁ%éntc
érsm, EHOAEEZBEC OV T LY I alb—v g s, B 62, ohithh 3
BELDLBESHLRKEL{EDD, EEHHRTATOOEE, ThbbhHREHBI LT
FRHCACE AR E A, T O OMEARCE 2 2 > TR L {2 3 Z EBNER S L,
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PER IR TR TRenBE T 2880V iaL— v a v Thoa A S CHRETRER
BT 2B LT ANTHA, BERSERELLBER Y0 s A L CHTFUENA (H
HOTF) Kok oFUBORMEEHATA L LIS, KO ZAAOMNFEERECLEY
K FORMBERE 2 R THE L L,

Vialb—vary R SeREERELTLSB YR s TENOBERES T, BY
FEETEALMEIEERLTWS,

RE, ThSOBRBAATN TEASHREHEA 7 — 1, N0 SHOREAMOREL &
24, HBOYT7-HWTINGDOAMEENNE 54, SLRHHOY 7Y v 7k, $v 7Y
T HMORERA~OEEEISHBMIT L2,

5 Heh'h i

BLE, =70V ORIGERENTOEREREIL 1203, STRIOFAROBERRD &2 2R
Bohis,
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Abstract

Airborne particulates were sampled at the meteorological observation tower of Meteoto-
logical Research lnstitute in Tsukuba Science City. They were collected or measured with
low volume samplers, high volume samplers, cascade impactors and light scattiring particle
counters. The instruments were set up on four stages of the tower. Samplings were carried
out for five to fifteen days in various scasons of these two years.

X-ray fluorescence analysis, atomic absorption analysis, neutral activated analysis and ion
chromatography were applied for the determination of chemical components of airborne
particulates collected on the filters.

The concentration of total airborne particulates at the ground level was higher than at the
upper level in the ordinary weather, while some components showed reverse behavior. It
appeared that the concentration of airborne particulates depended on wind speed, tempera-
ture and humidity. Temperature difference between 10m height and 200m height was

effective for estimating the concentration of airborne particulates.
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L7V N-DRERR L ORBFICOWTHUTedR3,

7 IFSNEFORSOBESE

EELLHY ) vy 7EBR, ERELARIPER CASBHER, 0—RY a 4% 77—,
NARY 2=y TS —RUARAT~ KA 280 5 —~Thh, #3270 v 7HSEHE 5%
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Fig. 1 Aerosol variation for from Dec. 14 to 26, 1983
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Table 1 Analytical results by X-ray fluorescence analysis
Sampling
Date 1983 12/13~17 17~23 23~26
Scage O0m 62m 125m 175m | 0m 62m 125m 175m | Om 62m 123 175m
Element
v 11 13 8 3 11 6 5 4 6 3 2 4
Cr 4 7 7 3 7 6 4 5 9 & 6 4
Mn 33 29 30 23 23 23 23 22 13 11 9 7
Fe 450 400 360 330 140 320 330 330 100 180 145 14D
Cu 24 23 15 17 14 10 9 G 10 7 8
Zn 240 200 180 150 210 160 130 13¢ 9 86 63 50
Pb 65 50 66 66 61 50 58 58 35 32 17 18
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# 2 BEHESTORR (ng/md)

Table 2 Analytical results by neutral activation analysis

Sampling
Date 1983 12/13~17 17~23 23~26
Stage Gm 62m 125m  175m om 62m 125m  175m 0m 62m 125m  175m
Element
Na 320 340 340 330 320 290 330 320 230 220 230 250
Al 430 40 300 260 430 270 270 260 220 190 150 160
S <6000 <5000 5000 <5000 | 7000 <3000 6000 <2000 300 <4000 <300 490
C 3900 0 200 1500 | 4000 2500 2000 1400 1500 1500 520 B30
K 460 410 380 330 480 340 300 250 100 100 100 70
Ca <100 300 300 <100 200 2000 300 300 | <100 <100 <90 <90
\4 9.1 9.6 7.4 5.9 8.0 7.5 6.7 5.7 4.5 4.0 3.2 2.6
Cr 2.7 3.1 4.3 3.9 5.3 2.6 3.2 4.6 1.2 2 3 2
Mn 27 24 25 20 24 17 19 18 10 3.4 7.5 6.9
Fe 470 400 350 330 400 300 290 320 200 150 40 150
Cu 1 41 3 17 20 46 ! 5 10 19 w5
Zn 250 240 150 150 200 170 130 140 92 42 62 56
Br 22 13 9.9 761 4 12 3.5 5.9 7.0 6.5 6.7 4.3
cd 6.8 2 5 3.4 3.3 2.2 1.6 2.4 2 2 2 1
S¢ 0.093  0.078 0,062  0.056| 0.094  0.013 0.056  0.056| 0.045  0.038  0.055 0.032
TSE 7.6 WM. 32 23| 56 321 205 M.2| 185 185 132 127
(ug/m?)
b,

EHA A NO, SO BIDES 0 E L BENE 24, BEC L2 nEEeET
B <, IO RBERMNAES TR ER» S DFELH L LIEES RS,
EENETERBEOBE T, REOR TS 2o nBERBCI 200 Bbis, 27,
175 m DM FRIZHROBAPSEEB NS, Bork D REwI L BEE>Tna 2 bn
o, A MRONFESEEVEROBCERMELAEZLDEEbN S, ZoBREEXE~ (20
TF 7AW LRI, £ S, Na, Ca OBEIHRa h iz, Lai- T, Na,80,, CaS0,
FORBIBELETHS cBbhb, HEELEETL LB 2 0EHETI 2 v,

4 T7RVLBEOTRET L

V===t k5 LEO 7 o/ AV BEONTMe M BB R RO S 2 L 2 ETEL,
Lt 7 4 =N FHIETES W ER T - FRULED LT oV VBEF - 2HLT, #is
BOMERTT S HET 7V BBEAERRER Y GMDH (Groap Method of Data Handling)
X o TS L, RBRICHWL T - RF SR EHBA L L,
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# 3 HiEEH

Table 3 Measuement parameters

parameter height
femperature 10m
temperature 200 m
wind speed ' 10m
humidity 10m
SPM 176 m
SPM 1m

4.1 BREAEERICE I HE

(R E N miE)

WEEREH Yo, MIER Xaili=1, 2, - s a=1, 2o, MBI RTRE ET 2,
Wi, £OHRD X, Xy X (q<P) BPERRCA T ERELT 2,

Y:éu +I§1 Foreee +ﬁq X,

IOk EEPHMBEOFRIRD LB TH B,

(1) gXRERFINZZVST LR X, X, o K LT Y E0BICE L EVWIEEY
RECE b DN ERE S0,

(2) ZTOMTEHERFBEL, SR oNTHAR L D RSO, o cEBER L 2,

(3) ERABR Y= +A X + 48 Xy +fuXKe 5L DN E LT Xpo  2SHA &
Witk EDR X, X, Xen W DFSORELREFEE &> TR T 2, BAOEF#E», 5
AohiHEERL O NS TRE, ZORFEL L OEREERE, 5K {,

() BALBREORVELE, BARKMASh2~EETHH (R, £RLN2 R sE
B nsriEbd,

(ErE &m0
MBEH e Licdsih 5 SPM @B L, HUZERE#H 4RI 2 AEEETCH 122
£, RURSEEEREBBLTESERET 67— AR D0 THESTo 2,

4.2 GMDH (z k 55

(X REA GMDH]

GMDH i, A.G. Ivaknenko &2 & DRAFES N TLKS CORRSTORTER, FRTHE,
E, BNBC L0 ERINCWRAM GMDHE 2wz 2 LT,

VAT LADANERE DB
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® 4 MIEH
Table 4 Indipendent variables

Variable Content

1 temperateve C) at 10 m
temperateve ("C) at 200 m
X3=x2—x1+1.862

wind speed {m/s) at 10m
relative humidity (%) at 10 m
concentration of SPM (ug/m?® at 175 m
X1/X4

X2/X4

9 X X4

X 10 X5/X 4

X 11 X6/X 4

X 12 X3 % X5

Pl e
[ = T Sy oy

# 5 HEr-2

Table 5 Weather conditions for calculations

case rainy weather  atmospheric stability

1 exclude stable, neutral

2 exclude unotable seutral

3 exclude stahle, neutral, unstable
4 include stable, neutral

5 include unstable, neutral

6 inciude stable, neutral, unstable

(}S:f (XI, XZ"'» X-m)

PO EREREERSH s LD E L, OB (RO AT - s RERNED
HEBEOEREICE S TERD S, f OFTEREOS, o Kolmogorov-Gavor #IERA TR E N
HERET 3,

q6:65+2a{ . XL' +22ax'j ¢ X;‘ * X,' +222£1,'J'k . X" . X_,‘ - X;, Ao

WHRE GMDH 3k@ 707 AT TReREA2RET -2 (B62H),
(1) ANF—s02EHODLQWIEAGHLEEEZT, 2RUTOFHRNEERT 5, (&
AEBEX LS, BAERROBLERIMECRT LW, G 1o G 2 TO4EENES.)
(2) HOEWROFEBMOBIRET. N BHOTRTDF—7 #Hv: T AIC(Akikis Information

Criterion),
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1 : self-selection of intermediate variables
(a)block diagram

ye = bot bl¥(+bsz+baX,-Xj+ b X

+bsXJ
Va = bﬂ+le{+b2Xj+b3XiX}
Ve = bo+ Xt 62X

| ya= bot biXi+ b X}
Ve both X

(b) generator of optimal partial polynomial

6 HENOCHERMGMDHO Y ov27E
Fig. 6 The structure of modified GMDH algorithm by Tamura

AIC =N log. Sk* +2 (k+‘1)+C
Sk = (1/N) S (¢ —)*
(¢ 1 WHEROEEME, 6@ HHERDTFHIE)

EEHE L, AIC ¥ FIEET LT ASRCTS . 2 0T, WS Y ORI Bkl L et
RO AT OFARSWHAT TS R0 RE £ 5,
(3) WOBCHD, MRS IR V 2 ANERE LTS HE RS 0ET,
(1) WARBROEEBRE LTTRT G ABREALBI BV THE2ITHI S,
B, VAT ADETF G, BREBCHE- HEAED (Ea->%) FHTHRET 5,

(FHHESM)

HAAREE LB 5 SPM BEE L, ANERELTROTT 7 — 2 2BV, 48, &
Br —AREBRRBERBICRIICRT 6 7 —R & LT,
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# 6 GMDHHEICBG2ANER
Table 6  Input variables for GMDH
Variable Content

X1 temperature {'C) at 10 m

X2 - temperature (C) at 200m

X3 X3=X2-X1+1.862

X4 wind speed (m/s} at 10 m

X5 relative humidity (%) at 10 m

X6 concentration of SPM (ug/m?® at 175 m

4.3 BReEE '

(1) SBRAEEREC L R

RTCHBERCHN T 2 EROERREE R T, r— A 2 RU7—A 51,175 m o B i3
5 SPM EFHFEREBCHEERL Twa, 2hid, FEERZASHRETR FFORSHTFhATL
Bl:drEzond,

g7z, RECERBEAERBEOBERE T TN, By —2A T2, L2200 SPM & BB &350

£ 7 WBEEICHT 3 HUEHOMBERR

Table 7 Correlation coefficient between independent and dependent variables

correlation coefficient to dependent variable

case
X1 X2 X3 X4 X3 X6 X7 X8 X5 X10 X1l X112
1 0.09 0.57 0.62 —0.22 0.27 0.74 Q.14 0.41 0.32 0.12 0.46 0.36
2 0.23 0.27 0.32 -—0.33 0.36 0.92 0.33 0.36 0.12 0.38 6.71 on
3 —0.01 0.49 0.58 —0.27 0.33 0.69 0.1 0.42 {7.34 0.17 §.49 0.39
4 0.14 0.58 0.59 -0.21 0.39 0.71 0.20 0.42 0.29 0.14 0.43 0.38
5 0.28 0.32 0.33 —0.35 0.37 0.90 0.37 0.41 {.11 0.49 0.70 0.32
6 804 0.52 0.57 —0.26 (.43 .66 0.18 (.43 Q.32 0.19 0.45 0.42
£ 83 BARENEDRECILIHETER
Table § Calculated values based on regression model
correlation _coeffi regression coefficient
Number of cient corrected
case ob‘sj:::batiﬂn degree of . freedum
cepression coelll g9 g1 g2 83 gs g5 g6 T g8 g8 g gu
1 199 0.87 6.25 2.57 — 10080 —  -0.278 1.503 -1.249 3.337 -  —0.05% -0.286
2 75 .03 -10.B6 1.805 — - - 0285 030 — - - - -
3 274 0.87 —11.88 1743 —  9.436 2.692 — L. — 2200 1.225 —0.093 —0.214
4 221 0.84 —-0.30 3.4 - 12.843 5.045 — 1500 - 2.413 — - =0.301
5 7% 0.52 -12.20 -~ LB@ — — 04 0.0 - - - - -
6 297 0.85 —16.86 1.985 — 10.626 3.262 = 1.518 —0.975 4.0011 —  —0.058 —0.369

note=null-hypothesis was rejected in all cases at risk ratio of 1% by F-test
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#& 9 GMDH iz k& 2EAFREE
Table 9 Calculated values based on GMDH

2y (r—21)
mode} structure of partial polynomial correlation coefficient Mean Square Error
1 ¢ 1=—~0.516+0.706+Z 340.304:Z5 0.87 26.44
2 ¢ 2=—0.482+0742-Z 34+0.268-Z 6 0.87 26.48
3 $3=21 0.87 26.50
4 ¢ =0.5¢ 1+0G.25 ¢ 2+4G.25°¢ 3 G.87 26.42
structure of | Z1=—7.235-+0.527+Y 4+0.511*Y 6+0.001-Y 4-Y §
intermediate [ Z3=—2.050+0.424-Y¥ 5+0.389°Y 6+0.003-Y 5:Y §
variables Z4= L021+0.765Y 1-0.00[-Y 1-Y 540.003+Y %
Z6=-5.734+0.671-Y 1+0.441-Y 4
Y 1=2.517+2.505:X 6+1.065: X 3+0.015.X 6
Yd= 7.177+3.078+X 1+1.384° X 1+ X 342.294+X 3
Y 5= 11,174—9.426+ X 14+21.030-X 2—0.627+ Xa?
Y6=—~0.297+12.134-X 4+3.089-X 8—1.031-X 4% —0.018+ X §¢
(2) (r—22)
model structure of partial polynomial correlation coefficient Mean Square Error
1 ¢ 1=~0.254+0.702+Z 1+0.306-Z 6 0.9 7.84
z ¢ 2=—0.336+0.635-Z2+0.376-26 0.94 7.86
3 $3=—0,262+0.682.234+0.327-2§ 0.94 7.88
4 $4=—0.363+0.596-Z5+0.416-Z 5 0.94 7.9]
5 $5=2Z1 0.94 7.98
6 ¢ =022 14024 24+0.200 3+0 2+ 440.2: 9 5 0.94 7.86

structure of [Z1= 1.074+0(.845+Y 14+0.003-Y 1*Y 6
intermediate |Z2= Y1
variables Z3=~3.028+0.424-Y 2+0.143-Y 6
Z5= Y2
Z6=~1.704+0.938-Y 3+0.003-Y ¢*
Y1= 7.048—2.378-X2+1.239X6-0.058-X 2-X 6+0.4%4+X 2
YZ2= 14.481—-4.373: X 141.338:X 6-0.054-X |- X 6+0.471-X 17
Y3= 9.131+0.019-X5:X 6
Y6=—134.923+3.088:X 24+5.648 X 5—0.048-X 5*
(3 (r—23
model structure of partial polynomial correlation coefficient Mean Sqare Error
1 ¢ 1=—0.278+0.671-Z1+0.335Z5 0.87 23.56
2 $2=—0.282+0.650-Z140.316:Z 5 0.87 23.57
3 $3=-0.364+0.632:Z2+0.376-Z6 0.87 23.597
4 $4=—0.234+0.683Z [+(G.322-Z 3 0.87 73.59
3 ¢ 5=—0.305+0.630-Z2+40.376+25 0.87 23.60
§ $ =024 140.2:4 240,24 340,244 4+0.2: ¢ 5 0.87 23,57
structure of [ Z1=—21,380+0.827+Y 2+0.779-Y 6—0.002-Y 2:Y 6
intermediate | Z2=-21.176+0.825-Y 340.776-Y 6—0.002+ Y 3+Y 6
variables Z3=-19.126+D.800+Y 44+0. 740+ Y 5—0.002-Y 4-Y 5

Z25=-17.310-+0.758-Y 3+0.708-Y 5—0.001-Y 3+5
Z6=-17.414+0.760+Y 2+0.710-Y 5—0.001-Y 2-Y 5

Y2= B8.078+3.619-X 1+1.261-X1+1.261- X 11X 3+2.264-X 3
Y3= 11.604+6.072-X 2+1.315-X 22X 3—0.300-X 22+0.794-X 3*
Y4= HM.IT1+7.650-X2-3.932-X 1 X 2+1.143-X 12+ 2.5504 X 22

Y 5= —91.640+3.145-X 5+ 1.417-X 6+0.012-X 5-X 6—0. 022+ X 5 +0.009- X 67
Yoé= 9.453+2.650-X6-0.0% X 1-X6-0.009-X 6
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(4) (r—2A 4
model _ structure of partial polynomial correlation coeflicient Mean Square Error
1 ¢ 1= —0.543+0.228°Y 5+0.448-Y 6+0.002Y 5-Y 6-+0.002-Y 5 0.85 32.26
2 & 2=—8.407+0.544 Y 440 504- Y 6-+0.001-Y 4+ 6 0.8 32.44 .
3 $3=—7.714+0.531-Y 34+0.490-Y 6-+0.001-Y 3-Y 6 ) 0.8 32.47
4 ¢ 4=—1.096+0.515-Z 4+0.505-Z5 0.84 32.59
5 $5=—1.091+0.518+Z 4+0.502-Z § 0.94 32.60
i ¢ =0.2: 14020 240.20¢ 3+0. 224 4+0.2-¢ 5 0.85 L3224
stucture of [Z4= 6.027+0.460-Y 2+0.002-Y 2-Y 5+0C.002-Y 5*
intermediate [ Z5=—7.488+0.628-Y 1+0.508+Y 4
variables Z6=—6.902+0.618 Y 1404585+ Y 34+0.000-Y 1+Y 3
Y 1= —10,495+9.007+X 3+2.962+ X 6—.020+ X 6°
Y 2=-0.438+5.338:X 14+2.810- X 6—0.017-X 6*
Y 3=10.418+4.095+X 2+ 1.500-X 2-X 3+0.783-X §*
Y 4= 5.572+3.519+X1+1.732:X 1+ X 342 ,479-X 3*
Y5= 7.914-10.221-X 1+23.128-X 2—0.573-X 12
Y 6=—3.2374+15.865+X 4+3.418-X 6+1.390- X 42—0.021- X &*
(5) {(7r—A25)
model structure of partial pelynomial correlation coefficient Mean Square Error
1 $ 1= 2.556+0.745-Y 1-+0.005-Y 1Y 5 0.93 8.73
2 $2= 2.89540.734-Y 2+0.005-Y 2:Y 5 0.93 5.89
3 $3= 1.191-+0.839:Y 14+0.003:Y 1+Y 6 0,93 8.89
4 4= 1.209+0.811-Y 2+0.004+Y 2-Y 6 0.93 3.97
5 $0= Y1 0.93 9.01
[ ¢ = 0.2:814+0.2:9240.2:9 34+0.2: 4+0.2: 5 0.93 8.79
structure of | Y 1= 7.337—3.089:X 2+1.271-X 6—0.068-X 2- X 6+0.639-X 2
intermediate | Y 2=17.200—5.782.X 1+1.390-X 6—0.063+X 1-X 6+0.620-X I
variables Y 5= 2.792—36.217- X 4+2.388-X 4-X 5—28,537-X 4
Y 6=-140.760+3.408:X 2+5.824-X —0.050- X 5°
®) (r—26)
model structure of partial polynomial correlation coefficient Mean Squre Eror
1 ¢ 1=—0.513+0.581-Z1+0.430-Z 4 0.84 29.32
2 ¢ 2=—0.5224+0.587-Z 14+0.424-Z 5 0.85 29.32
3 ¢ 3=—0.517+0.992:21+0.417-2 6 0.85 9.33
4 & 4=—0,500+0.579-Z 2+0.431-Z 4 0.8 29.33
5 & 5= —0.502+0.588+Z 24+0.424-Z 5 0.85 29.135
6 ¢ = 0.2041+0.2:¢240.2:¢ 3+0.2- 440.2:4 5 0.85 29.33
structure of | Z1=-19.751+0.817-Y 2+0.727-Y5-0.002- Y 2-Y 5
intermedizte } Z2=-19.450+0.810"Y 4+0.721- Y 5-0.002:Y 4-Y 5
variables Z4=—6.851+0.664+Y 1+0.484-Y 2

Z5=—1.794+0.653"Y +0.483"Y 4

£6=-6.786+0.634"Y 1+0.482°Y 3

Y 1=-6.181+9.203+X 3+2.335:X 6-0.011-X 6°

Y2= 6.408+4.062-X 1+1.542+X 1+ X 3+2.451-X ¥

Y 3=12.537+4.302-X 2+1,520-X 2-X 3+0.752-X ¥

Y 4=13.868—2.479+X 1+10.729-X 2-3.123- X 2+0.776- X 1°+2.215- X 2

Y 5=—60.920+1.855-X 5+1.612-X 6+0.011-X 5-X 6—0.010- X 5°—0.010-X 6
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Remote Sensing of Water Quality

ZREEX - SEE

Yoshifumi Y ASUQOKA® and Tadakuni MI'Y AZAKT'

E 8

ATHIE (LANDSAT) RUMZEHEFIH L -8 0BRSS ®EC o wTREL, &
HEEETVOMEELST o 27, RORBXCHT LR EHEAz 20, KEL
AREE L T8 62 LA REHER O SR o 2 MEta0 I8 L, KEORRTE
DR RS L e, IICEBEHIR E N ek F—F AR L OMEEAN, KEE
BOLOOHATTADERRT o4, 30, kEOHECRETBEE L RIFTTREH
LR UAEREIZ 20T, 2OEBEOFERT o7, IR OFINET I DR
ITHRAMR E L CHEIEE v 280, LANDSAT BEUMEM BB L - vF A7 b
LA FrF— (MSS) & 2EBHAFT— ¥ DINE, *EF—F, SXfEEESs S v
FbA—2 57— QIR SR L 7,

Abstract

A quantitative method for remote sensing ol water quality is described. First, the basie
relationships between the water quality and the spectral characteristics of water bodies are
investigated by correlating the density of water quality parameters (suspended sediment,
transparency, chlorophyll-a) with the upwelling radiance just above the surface. Next, the
statistical models to eslimale water quality from the remotely sensed data are developed
based on the linear regression analysis between the surface truth data (water quality) and the
LANDSAT multispectral scanner (M55) data and the airborne M38 data. The discussion
also includes the evaluation of influence on water quality estimation by the atmospheric
effect (transmittance and path radiance) and also surface reflectance of water bodies. Finally,

a qualitative method to gencrate classification map of water quality characteristics is
introduced.

1. ETAEWIR Bl 7305 FIREHAEESHIEN N 16 & 2
Environmental Information Division, the National Institute for Environmental Studies. Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.
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Bl 1 ARELEFEIC 356 5 RO

Fig. 1 Schematic diagram of optical system above and below water surface

B Us AR B TRESRIRENIC L 2BEER Us D22 ORI S s h,

U=Usw+ Us (2)

L5265, KECBT5REEEEWT, Afihs 0% U ©HIC L 2 KEE EOFY
REEL Ry b 5L, Rulid,

szgl_[l (3)

KEDS52oR, KOKBRIZHT 427 T. 22T, KECBT 3 2HRHE R,
Rw £KE & ORfREERDHIC X DHETEC R,

*¢@6®ﬁ®ﬂﬂﬁ§[ﬁﬁ,E%@%Tégbmﬁgﬁmtb,mﬁFmﬁpfﬂELt
L EBARE R R THRE L 7. $hb B, Kde o OXORNEHEE Uy iz, AFETESE
5 LB HBEEE UR AT,

-t 1
=~z HE(O) , o (4)

KEhEZend, 22T, ¢ RU niz#n®Fiuokdr s BhcHe0E8ERVRITR ST
F(ELGEDR L TOEREIL ¢/22=0544), 7, EQ)3AKEET B85 E AR
BETHD, BEAET A2 LRTEL L, AREzm et s L HARHEE E(2) 8wy
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WEOHETES, 22T RRERA~DXONNBEEOHMER TS -T, Zo0Es 81T
3 ETiEpRE E(z) R E(z) BRIV T,
1 E(Z],)

k= L2 & logeE(Zz)

kb Ezohd,

ITR, AEHELOKRSHEE U #BHEAR7 P A A—F k0, Kb kAR RE
E{z) % Bk 6 RER e (Scripps EEERFSRRF MER-1000) W L 0 #IE L7z, 25, KE
KA 20MEHEE /&, MELCRE SR EEEREER hoORETEE W 25HEA
LY b A—F THIEL,

H=z-W/o (7

WEORDY, TOTo RABKRORFET, ZAT2ERBICBTIEIZL.0LART I M
TEL, fIEasnf U, E(z) RUH 2T, (1), DICEVMEREER, Rw 2K, &7
KRB ARG & QBRI D THNL

FLioE—FELT, 198048 H BRCE »BHEL 4 SCsuTHEsSALKE (70D
74 g, EIRE, SS) EaREAE (1ERECET4 R RV R ooHBEERE T L,
(8, BPTIRIE (E (95%) X [HEG LI EHSIh 2 L ERT) RIKEWT,
By WHADBEREARIGECEETES A=nm U7 0u 7 4 L g DR TH 2 A=
694nm b2 B L TR E L AEOBIHEEMES o b, T—aicHEBEiE Rio+ 3
FS Ry i 2b0 50 {8, ZH3 RIKARFGC L 2BENHET - LTIbA kL
#2505 (1), 2), QOREM). R2kaow, SAEEH:, SREHEONLEOL
OFABEEE T LT R R Ry WENOBEE T LB WIS AT L, A8 & St omlic il
BIASERD & tz, TS OREIE, KEH 5 ONMAROWE KT AMEAELTWA I L%
~L, EZheokEOERBTAOTEEETRTIOLEELLND,

3 ERMC L AREHREETVORE

B BT, ROMEEMELIORPOYPE O, B ERM T I L dmLz, Lrls
26, fizele A TEECER s i MSS IC k- TRAS A2 i, Kb soXkicing T,
KEH S DREDEPATR S S OMELESHT L LTEERZ LD, o KEEERT L
REB TRV, EFETH e N EREHET -5 (B2, MSS B0 ERBE d=(d:, -, dn)
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* 1 KE(r o7 4/ba, BEHE, SS) & KBEICEIT 410 REE R KU Ry
DA R

Table 1 Correlation coefficienns between water quality parameters and radiance reflec-
tance R and Ry

B 410 442 488 520 540 570 590 626 636 672 694
(nmy) (4413 (589) (625 (671)
[Chl 4]
R —0.190 —0.245 —0.026 0.201 0.387 0.211 0.072 0.0l5 Q.01 0.100  0.389
Ry —0.491 —0.487 —0.184 0.376 0.606 0.146 0.003 —0.021 0.228 0.267 0.394
In [Chl. ] )
R —0.162 —0.201 0.043  0.282 0.467 0,314 0.157 (.103 0.134  0.166 0.480
Ry —0.388 —0.454 —0.101 0.475 0.683 0.150 0.147 .14  0.360  0.344  0.643
]
R 0.061 0.084 ~0.162 —0.375 —0.542 —0.394 —0.266 —0.216 —0.287 —0.320 —0.570
R, 0.365 0.379  0.035 —0.560 —0.716 —0.202 —0.236 —0.243 —0.469 —0.484 —(.781
In [Dz]
R 0.107 0.139 —0.098 —0.309 —0.483 —0.323 —0.197 —0.145 —0.219 —0.260 —0.500

Ry 0.416 0.389 0.072 —0.514 —0.687 —0.207 —0.163 —0.169 —0.404 —0.445 —0.736
[ss]

R —0.110 —0.145 0.088 0.303 0.477 0.301 0.171 0.127 0.207 0.238 0.497

Ry —}.445 —0.410 —0.100 0.471 0.658 0.102 0.122 0.129 0.363 0.419 0.707
In [SS]

R -0(.053 —0.076 0.167 0.382 0.548 0,388 0.255 0.217 0.290 0.314 0.577

Ry | -0.38 —0.400 —0.055 0.532 0699 0.170 0218 0225 0447 0.473  0.700

(1) RPTHME GEE (95%) &b MMEMAL] mBEAENE 2R T,

# 2 KEEMEREEORN L EOLLOHMERK

Table 2 Correlation coefficients between water quality parameters and ratio of difference
and summation of radiance reflectance at different wave length

R(488) —R(540) Ry (488) — R, (540} R{442) — R{694) Ry (442) — Ry (694)

R (488) + R (540) R, (488) + R, (540} RU42)+ R (694)  Ku(442) + R, (694)
[Chl. «] —0.783 —0.783 —0.808 —0.741
In [Chl. ] —0.787 —0.814 —0.851 —0.809
[D,] 0.682 0.7%5 0.836 0.825
in D) 0.706 0.779 0.823 0.782
[ss) —0.721 —0.770 —0.829 —0.773
in [85] —0.692 —0.792 —0.848 —0.827

(1) FPRTFEIME CRE (99%) ko MEMx L] nEHaRs 88T,

(m BEEESH) »oAkE (v) 2T T 220013, HECHRFE
y=fl(d) (8)

AP T B > T O FRIGCHEE U hida oln,
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—#ic, ARERETLFAEE, WENFREFENARCMEIRE, WE TR, Khoy
BHIRCS 8 & eRe O, 7o RSHELDER KE RIS B & 5 508 5 a2 R
EFNERHGTERTE2Y, Ll s BRETALTE, TFAREENENTA—F—DED
RENELY, EFANEMCEIEB LR LE, 2EOMBAB D, $/oKER
B REME B 2D L, ZHEERTFAVTEART 2 2 LHHEL <2 5,

—F, BEHOTERTIE, BRI 5 X EBIKE L TR LR T — 5 2T, TEOM
DOREREEHBICET LT 20T, BE, BREFVAEMERENS, TOFETE, K
HEETFVEERT 2 T b BeEATF - 2 ELZTNE R 5%, LI RENH 325,
WESHETH Y, EROBOBELICI > THI2BELELLBEET LB N, & Y OF]
HbHh, KEAHEOERI REREE L o h b, KHIETIE, BrlientEs LT, Mzt
RUATHEC L 27 VF A2 P VERT -5 (MSSERT—4) ONERVFKEIBIT5E
W7 — 5 DUERIT, W7 —F BMEENCHTT 22 202D, (8) REBETE 2L 284
727, : ‘ :

WLEBEALA {10517 B AKHOM GRED % yi, MSS BRETEELS § I 3 AOBEL <
W& (dy doy o, de) EF 2, BEARIC ST 2 RERE y (RUZOME v =logy) £ {d} i
ﬁtf, |

(i) y=oad;+8 (HEREF L)

(i) y=Zad, (@akEes )

(i) y=aoldi/di)+8 (F v ANBOLET L)

(iv) y=eld;—d ) {d;+d)+R (Fr ANHOFMEEDET T ) ‘
REDERAEFEEL, NESNLCERT -5 AUERH 75 o obRRNOEEET 27,

Ficl, BrfcBL TAESEREBoh L F—y 2 Lt BH s AL AESEE &
LANDSAT MSS ¥—» £ OMOMEBIGE 25T ((9)-(1 )2 /), #3icBnT, SSEU
ERHE Y LANDSAT MSS Bifg : oflic Sl a2 R L, BREEIF — 2 & 5 kBT O A §E4
DIREN, L LEMesZun 74l gt 2 TIRERLERIIBo L » o7,

1980 E 8 H I3 B0l D THREVHEBFRESEs N TWEE, 21, T4 2ORERAL
Dfedizrzan7 4 4HSS EEWARELEL, SS 24 L CHEBENCRVUEREsRLLZ DO LE
Zoisd, ZOMARMOERROBECECTORAKETH >,

—F, #AWCR 7 OO 7 40 o BEOME & M2 MSS 7— 7 & OHEGREERLL (9
S(DREFER), BAWBWT, 27007 40 gaDAST P VREEEET2F v 20T L2
Te7 gt a BENEOEBETRL, REBC IS 7007 40 ¢« OFREHAOTBESEST SR
Feo BZHICEBF— 5057007 40 g LHBEET 510 babb 5T, LANDSAT #—7
TIRAMMESE R h o KR E LT, ‘

(i) WBEORHICLIZRTDBREOEE
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# 3 KEELANDSAT MSSF -4 @AHE{E

Table -3 Correlation coeflicients between water quality parameters and LANDSAT MSS
image densities

£ B O H 1979/2/20 1978/12/14 1980/1/19 1980/2/6
P ¥ 4 5 é 4 5 6 4 5 6 4 5 6
iE By B |—0.93|—0.94|—0.95]—0.00[—0.191—0.53|—0.38| —0.64[ —0.90[ —£.30| —0.13| ~0.71
] 091 0.89| 0.90( 0.18) 0.18| 0.23|—0.17| 0.33| 0.49|-0.01| 0.01] 0.04
Za0 7 4 -g|—0.10[—0.15{—0.06|—0.52| —0.47| —0.04]| —0.21] 0.08| 0.59(—0.24|—0.40|—0.12
CoD —0.14(—0.42| —0.42 — - — - — —|—0.57| —0.54|—0.31
BB S 15 10 10 16
5 v F ¥ v b 28 38 35 I8
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Table 4 Correlation coefficients between chrolophyll-a concentration and airborne MSS

image densities

s g og | W | 197 1978 1979 TIBTE} 1980

8/23 12/6 8/23 2/18 2/20 12/13

MTRE(m) | 1000 2000 1000 | 2000 | 1000 | 2000 } 3000 4000 1500

2 | —0.12 —0.781 —0.33| —0.64 | —0.70} —=0.70 |  0.01 | —0.85

7] s —0.77 i —0.57 —0.65; —0.79| —0.25 | —0.90

v 5 0.35 | —o0.82 0.24; ¢.48)| —0.59: —0.65: —0.77| —0.20 | —0.M

- 7 0.55 | —0.82 | —0.86° —0.78| —0.63} —0.80i —0.77 | —0.75 | —0.94

9 0.5 | —0.64 | 0.68] 0.71|—0.23} .36} —0.16| —0.64 | —0.85
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(H2) &F v+ A LDEEFREIMSS-BG-IBIt W T,
2 (0.43~0.45¢m), 3 (0.45~0.50}, 5 (0.55~0.60), 7 (0.65~0.69), 9 (0.80~-0.89}
M2S, DS-1250it4500 T,
2(0.42~0.45,4m), 3 (0.45~0.50), 5 (0.55~0.60), 7 (0.65~0.69), 9{0.80~0.88) THd. 7L
19804F12 B 13A HM2S T,
2 (0.40~0.454m), 3 (0.49~0,54), 5{0.62~0.68), 7 (0.66~0.70), 9(0.70~0.74) TH 5.
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Fig. 2 Schematic diagram of aptical system in remote sensing of water guality
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Table 5 Estimated atmospheric transmittance and path radiance
Coef. 1981/11/24 1982/3/3
a b a b

Band (mW /cm?ssr} {mW /cm®-s1)
4 0.77(+0.27) 0.26{£0.02) 0.86(£0.10} 0.26(%0.01)
5 0.72(x0.26) 0.16(+0.01) 0.78(+0.08) 0.11(£).01)
6 1.17(£4.56) 0.10{=+0.01) 1.01(x0.21) 0.06(£0.01)
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Fig. 5 Estimated distribution of S8 concentration from LANDSAT MSS band 5 image
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Fig. 8 Spectral characteristics of reflected light at the water surface estimated from
regression analysis between radiance just above the water surface and radiance just
below the surface
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Table 6 Ratio between radiance of reflected light at the water surface and radiance just
above the water surface

Date
Waver 1981 /11/24 1982/3/3
length ‘
440 v 0.417 0.448
480 0.392 0.290
520 0.221 0.301
550 0.237 0.168
600 0.051 —0.238
670 —0.032 0.177
710 0.243 —-0.328

FEMbHL, LpLans, ke s OABAN L 2/ETE, KeBiBICH: 2 KEOKER
HEEECHET 3 2 L SEBTH - 7o AR TE, LANDSAT MSS Eift7 —5 5L T
K EKERMEORSC LD SET S L 2EALY,

P E TR SNAKET —F 2HOT, ANEAESSEAEBREORVIZED 7725 —
DEIL, Thbb, KEMEME (=12, ») 0BT 3XEHE Quk=1, 2, -, K)
DBEE yh T35, FAEEHCNL CTRECTIERUIHE,

— 179 —



ERERIC L 2k EOER
(a}

5 Fu
11
m——— (b}
nal BE+ s
U [T & -E- 10
1 J,nu‘v,w—a. CODw 5%
) |Lssiamaig
. 1 }pf:n?,—;»—a.COD.SS
E SR
o 6. 10, 7RR 7 s—a, COD, 88
14 L4 R
z:s:!ﬂ ¥ i, 9. ‘ f DR Lre S .
() T 12, 13 [—adifv)
o V812 Jrecr  w—amkmman
v [2345 [see7 r—a BHEME
n
=T TR LD
1 ~
Coooy
' I @ ‘
\
— |®_@ ) i ] 1 (Catare.}
Y 20 % i % \ @8\\\ 2.0 .0
1 \ N,
1
@‘l@@: @‘\® \\ o
. \ ™
an ' wn ' am o mwm
. L]
+-2.0
J-q.n

B 9 KEFEOREROICEZAKEHREED Y T A5~
(o) WEMZORER (b) 6 77 A7 —KHBELBEDE Y T X 5 —OREHE
(c) &2 2 Ay~ (F oo 4 h-a RIFSS 2208 L7 PEATHET)
Fig. 9 Cluster analysis of monitoring stations in terms of water quality characteristics

(a) Monitoring staticns in Lake Kasumigaura (h) Water quality characteristics of each
category (c) Distance between each claster (chrolophyll-4 and $8)

— 180 —



AFRATHIC & 2 K OE it

B 10 8- HOKERHEOROIC L2 KEHER (625245 —)

Fig. 10 Classification of water quality characteristics in Lake Kasumigaura

=gl



EHEY - WEE

=3 (k= may (19)

Lt a, SANEM G ORERE Y, KEREOEGCLD

di=y) Zlai=2LY (20)

fefL zh=(yh—ma)los
KL DED D, Thbb, QUATHESNAER /R LHESE T, AERESERLT
wHErEzZEND, JOLH I TR, EEOTWIESEESYE, BRY 7 A5 —2BRL .
BIg ik, 1979 2 H20 HE rHicBTH o7 —F 2EIC U REHRAEMSD 7 7 2
F—aFHOfERT, @EEAE1S S, KEFEB LT, sou7 1 e 38, CODOIH
HaEAX B9 a)3RTHEORE%, (b6 27727 —ICASL-EE0K Y 2R 5 —
 OKEEMEETT, $RE (T, B I X5 —MOEME 7 007 40 0 RU SS BEOE
WEBRTRL . 8,5 7R —IZHMELIBEE, 77 A5~ Vo siE—2 7
AT =il

2z LANDSAT MSS 7 —# #F|RL T, K%z 06 77 257 —icH8L:, T4bb,
TAF AR P ABRPOESEE, TOERBERE Y FOEREBE d, d, da d) &
X0, ZOERBERMESELEML TH2AES (@HPTRESICHIET 2 5 B2
L, 36, 77AY — B L nR—BYsE I3 tfER AR I tcfiia s I L
k0, EBfphOELE 67 A —WAELL,

HASFEIELEC LD, BHRDORE BERZ PLVER2 d=(4, do, ds, d)) %,

gf(d)=*—%(dfu,-)‘ZE‘(dFu,-)ﬁ—é—log{Z.-! (21)

PERALEZ IRBETALIEE L e 22T u: R 2 BHES § OB TXTEEDBEEE
ORGP VR UPERSETTITS 5,

5104z, 197942 B 20 B LANDSAT MSS F— 5 &#FnwT, MOKREhz6 2774
F—llRE NS By O EETT 10 cB VT, 8B ldbsBo k] ko THr gl
A KTRSHETE N TH S, K10 OFIF SIS & D, AROERR LYY — B8R T
i, ks ORIERCE TR TRF SR EREEL 2 eAETH D, RFT DK
HOKBH L RESIE S — v 2 2 L THENEELONRD,

— 183 —



REBN - BEEE

7 Few

BN LB REREZENE LT, KEERO O OHEEFVOMER, TFLOERI
BT ASHEDER KB R EOBEI DLW TR 21To . SORE, SS, EBHE>»T
¥ LANDSAT MSS 7—~# B2 HE L, KEHEOTEES W RE NI, 7007 40
GRDOTIMEBHMSS 75 LB EL, KBEETOTEREENFAI N DD, LAND-
SAT 7—# L 3 HEESHMR B o, iz LANDSAT BELETH 2o REIC L
LEWHEZTR T, £7: LANDSAT MSSOEESEN 70T 7 40 g DAY P AR
EER L TR s, EORNEARETERL O EEZ 6N,

2/, AKEORREFHICB LTI, AR, KEC L2 BEMEDTHEL, B, it sk
WEELKEHREETNVEBET 5010, CNOBPEBOMERTIRTHE I LTS
i, AFETRES N AR OEEE, XEEE, KERFXOMETRE S 7V F -7 —
FELT, B, KESNEEEECRESLETHY, LTLLERMEEVARYL, 21K
FAREOREHHBANC L O EET 2SR RELREENE ST, S8, &Y EANTAL,
KEW X 2EEOBEFENPBEERLITHS 3, .

RERPETHE T —FNE, HwrdCT, BEysem ARER, RHTER, CRYEE
KOWEW 128k, BUCELB#HT 2RETH L, ILARRGE, BEHTTRABERER
[Ve—teryr7EMoMBEHEECHEYT 25 R U HGR MR BRI
RREHANC & 2 REER O « FHE BT 285! L OBRC X v {Tbh,

BB xo®

D BR 8- RELE-BELE (1982) By BWROMERHFELKE. B £ b 7%
=2 (1), 21-31.

2y BEREE (1982) | REEROERHAFHROMBE—KBOKEHN. BIATHEFRERS THRE

{AEF0 57 & FE), 199-218,

3) TRB-FIEEE (1982) D EREENC & 2 ¥KIgoRESMEIH—ER T2 AL RERME L&
BHitE— HAYT— bty s5aik 23), 51-62.

4} WAEL-HEEE (1982) BRI & 2 AEOER-—EURSH& B L IioKE RS OFHE—. 3
2EY E— b Yy S EES ARSI, 13-14

5) S - EEEE (1979) L EEHEIC & 2 AEEEOITN X S0 5 18 mEH A BEEE LT
WRES TREE, 733-T4. :

6) BIFEE-HAK HeTEEX (1984) BET P4 A7 by A7 O BXASHRAMER
&%, ETTE, 183-198.

7) Grum. F. and G. W. Lucky (1968) : Optical sphere paint and a working standard reflectance. Appl. Opt. (11},

2289-2294.
§) McCluney, W. R. (1976) : Remote measurement of water color. Remote Sensing Environ. 5, 3-33.-

— 184 —




R Lz RkE0ER

9) Gordon, H. R. (1978) : Removal of atmospheric effect from satellite imagery of the oceans. Appl. Opt., 17(10),
1631-1636.

10) U. S$. Geological Survey (1979): LANDSAT Data Users Handbock. U. 8. G. §, pp. I-1t 10-1.

11} Rogers, R. H., K. Peacock and N. Navinchanara {1974) : Technigues for collecting ERTS data for solar and
atmospheric effects, 3rd ERT-1 Symposium, vol. I, Tech. Sec(B), 1878-1904.

-~ 185 —




EvASURRMASYE R 778 (R-77-85)
Res. Rep. Natl. Inst, Environ. Stud., Jpn., No. 77, 1985.

II—10 EEICAAS bAA—-2ORER

Development of High-speed Spectroradiometer

HIFEE - HEK 1 - EhEE

Tadakuni MIYAZAKI', Hiroshi SHIMIZU?
and Yoshifumi YASUQKA!
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FHL, EESMEEE 2 nm T, 400nm 2 5 850 nm ORREH% 1 B TRET 2 E5E> &
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ENF - IEHECFINEE, RIS ESRO LD OMEERTY, Py FHRT —
FEEans,
EEENTOERBEO LR A7 FLORAER, 74— RIZBLT, VE—}
R TEBD S P bV —AT—F L LTDDREHANT AT —F OIES
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Abstract

A porable highspeed spectroradiometer, specifically designed for measuring spectral
reflectance of the ground objects in remote sensing is described. The instrument employs
diffraction grating and photomultiplier for light deceting system and operate the 400-850nm
wavelength with the resolution of 2nm. The operation of the instrument is interactively
controtled by built-in micro processor and data measured are stored on digital magnetic

cassette tape to simplify computer data processing. The instrument has intrinsic advantage

|, EAEWEN RS T 305 MK IIRES AN/ 16 % 2
Environmental Information Division, the National Institute for Environmental Studies. Yatabe-machi,
Tsukuba, Ibaraki 303, Japan.

2. EuAEMER KEREYS F 05 MRS 16 £ 2
Aimospheric Environment Division, the National Institute for Environmental Studies. Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.
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of portability and speed of operation that make instrument particularly suitable for ground
truth work in areas of fast moving surface conditions. Some examples of the practical use
of the instrument for measuring speciral reflectance of polluted water surface in a lake are

also presented.
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Table 1 Specification of High-speed spectroradiometer -

Light cellecting system
Method of light collection
Optical fiber

Diffraction grating

Plane mirrer and lens
Glass made, 7mm

Method of mounting system Evert type
Facal tength 30mm

Slit width 0.8mm
Reciprocal dispersicn 1200 line/mm
F value 6

Method of driving system
Light detecting system

PMT

Pre amplifire

Vibrating grating

5-20 side on type

Range af frequency DC-2kHz
Linearity 0.1%
Temperature stability 0uV/C
Out put power 10V
A/D converter
Resolution 12bit
Conversion time 10ps
Micro computer
CPU 8080
Memaory Rom lkw, Ram 4kw
input device Key board
Cassette tape unit
Method of recording PE system
Recording density 800 BP1
Speed of data'exchange 12k bit/s
CRT display
Screen size Sinch CRT

Nusmber of character

Density of screen
Pen recorder

A/D converter

Recording width

2480 characiess
240 % 320 dotts

12bit
120mm
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Soil Moisture Mapping in the Kujukuri Coastal Plain

with Airborne Multispectral Scanner
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Abstract

This study was made to map the spatial distribution of soil moisture using airborne MSS

and ground truth data in the Kujukuri coastal plain. The results obtained can be summar-

1. E&RAETERA BEFHRE T 305 USRI NG IDERE B 16 & 2
Environmental Information Division, the National [nstitute for Environmental Studies. Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.
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ized as follows:

1. Tt was thought that observation of the spectral reflectance of the soil surface should
be carried out by changing the beam intensity of the lamp within the visible and near-
infrared wavelengths.

2. The thcrmal infrared radiation model for soil moisture esnmanon is more appropriate s
than other models based on v151b1e and near-infrared radlatlon Evén when the soil surface
was covered with a thin vegetatmn cover, the performarice was somewhat recognized in the
estimation, so that the ratio of the vegetatlon cover must be studied in future analyses

3. The' soil moisture map based on the airborne MSS data indicated spatial character-
istics of the terrain and phenomena (e. g. distrbution of flooded area) of the studied area in
detail, in spite of the lack of a broad view of regional differences and characteristics of the
terrain. )

4. For accurate future studies of soil moisture estimation models by using remotely
sensed data, it is expected that the model is applicable over a wide range of cases and

circumstances.
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Fig. | Ground truth points and flight path in the southern Kujukuri coastal plain (Jan. 23
1981)
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Table 1 Spectral wavelengths in cach band of airborne MS§ CCT
data
channel number micrometers data andlyzed
0 0.30 — 0.35
1 (.33 — 0.40
2A 0.433— 0.453
3JA 0.47 — 0.49 O
1A 0.51 — 0.53
5 A 0.54 — (.56 O
§ 0.60 — 0.65 o
7A 0.66 — (.68
8 ........................
9 0.30 — 0.90 o
10 ........................
11 10.5 —12.5 O
"12 4.3 — 5.5 not available
13 4.5 — 4.9 "

LTHaRnEE sk (15%15m) 5, —dimOEBE LD, £OMNELHLO 5 ADY
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Fig. 2 Data processing system of soil moisture estimation and mapping of soil moisture
distribution
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Fig. 3 Scatter plots of airborne MSS video data versus soil moisture contents in the
Kujukuri coastal plain
A bare soil; B: complex surface; Y : soil moisture: X : vldeo data, index of A and B -
A-1,2, 3, means the data obtained at 7: 05,9: 33, 12: 05, respectively. Index of Y means
data sampling thme; index of X, the data derived from each channei of airbome MSS
vinible and near IR wavelength : 3A, 5A, 6, 7TA, 9, respectively.
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Table 2 Correlation matrix {bare soil)

YVariable Numnmber
Variagble | Mean  5.D. C.V. 50 49 48 47 25 24 23 22
NO Name L8-Ave L8-12 LS=-9 Ls-T7 S-Ave S-12 5= 9 5- 7

1 |B=11 |26.64 1.120 4.21 | -0-340 -0.339 -0.356 =0.319|-0.217 -0.232 -0.256 ~0.171
2 |B-12 | 32.91 2.427 7.38 | -0.290 -0.318 -0.339 -0.218|-0.276 =0.305 -0.540 -0.132
3 |B-13 | 30.09 1.221 4.06 | -0.203 ~0.220 -0.179 -0.199|-0.250 -0.254 -0.243 -0.249
4 | B-14 35.18 1.601 4.55 =0,221 -0.233 -0.223 -0.201|-0.314 -0.309 -0.306 -0.321
5 |B-15 |32.36 4.505 15.15 0.527 0.500 0.483 0.555| 0.%91 0.404 0.402 0.365
6 Jp-16 | -6.52 1,935 _26.62 0.871  0.861 ©.817 0.907, 0.855 0.859 0.827 0.859
7 8221 [%2.27 4.361  8.34 | -0-8{9 -0.869 -0.887 -0.861]-0.900 —0.906 -0.928 =0.855
8 |B-22 |B56.09 7.713 1%.75 | -0.680 -0.693 -0:708 =0.627(-0.697 -0.715 -C.741 -0.635
9 |B-23 | 44.36 6.423 14.48 | -0.811 -0.802 ~0.806 -0.805(-0.808 -0.815 -0.825 -0.774
10 |B-24 | 62.45 12.477 19.66 | -0.792 =0.782 -0.786 -0.788|-0.802 -0.807 -0.818 -0.770
11 |B-25 139.% 5.921 15.04 | -0.668 ~0.649 -0.660 -0.672(-0.768 -0.760 =0.780 -0.750
12 | B-26 7.66 4.491 58,61 | -0.940 -0.924 -0.931 -0.941]-0.901 -0.902 ~0.901 -0.883
13 I'B=31 | 48.18 6.555 13.60 | -0.904 -0.898 =0.901 -0.892(-0.903 -0.915 -0.921 -0.865
14 | B=%32 {59.45 9.278 15.60 | -0.903 -0.896 =0.913 -0.878(-0.937 -0.943.-0.955 -0.901
15 B33 %7.00 6.356 17.18 | -0.888 -Z0.885 -0.876 -0.881[=0.908 -0.915 -0.918 -0.877
16 |B-34 | 48.3%6 10.122 20.9% | -0.925 -0.922 -0.922 -0.909}-0.913 -0.924 -0.92% -0.876
17 |B-3% |[39.36 7.788 19.79 : -0.588 -0.566 -0.581 =0.596[-0.646 -0.645 =0.683 -0.603
18 [B-36 |16.44 5.804 35.31 | =0.979 =0.970 -0.963 -0.978[~0.948 ~0.956 -0.953 -G.520
19 |R=31 0.60 0.195 32.19 | -0.973 -0.964 —0.948 -0.981[-0.945 -0.95% -0.943 -0.924
20 | R=32 0.58 0,135 23,91 | —0.694 -0.706 ~0.670 -0.690[-0.695 -0.715 -0.708 =0.656
21 |R-21 3.64 "1.,518 41.735 | -0.969 =0.954 -0.946--0.980]|-0.934 ~0.9%6 =0.927 -0.922

26 [T=11 3.28 0.042  1.29 | -0.338 -0.358 -0.354 -0.317|-0.215 -0.23%0 -0.254 -0.169
27 | L-12 3.4 0,072 2.07 | -0.301 -0.328 =D.348 -0.230(-0.280 -0.310 -0.345 -0.195
28 [L-13 3.40 0.040 1.18 -0,206 -0.223 -0.182 -0.203|=0.254 -0.258 -0.247 =0.253
29 | L-14 3.56. 0.045 1.28 | -0.231 -0.242 -0.23%% «0.210|-0.325 -0.320 -0.316 ~0.332
30 | L-15 3.47 0.1%6 4.49 0.526  0.508 0.486_ 0.571] 0.400 0.412 0.407 G.377
32 | L-21 3.95 0.088 2.24 0.872 -0.861 -0.881 ~0.851[-0.896 -0.902 -0.926 -0.849
33 | L-22 4.02 0.147 3.67 | ~0.686 =0.698 -0.716 -0.632(-0.704 -0.722 -0.752 -0.638
34 | 1-23 3.78 ©0.1%7 4.15 | -0.813 -0.804 -0.811 -0.802|-0.819 -0.826 -0.839 -0.781
35 (L=24 4.1% 0.221 5,3 | -0.799 -0.789 -0.797 -0.788|-0.819 -0.824 -0.840 -0.782
36 {L-25 3.66 0.162 4.42 -0.6%2 -0.674 ~0.686 -0.693|-0.793 -0.786 =0.807 ~0.773
37 1L-26 1,70 1.089 £4.06 | —-0.930 -0.912 -0.919 -0.933[-0.984 -0.975 =0.968 =0.986
38 |L-%1 %.87 0.149 Z.85 —0.892 20.885 -0.892 =0.876[=-0,901 —0.910 -0.923 -0.860
39 11L-32 4.07 0.177 4.3%4 | -0.888 -0.881 -0.899 -0.864|-0.935 -0.939 -0-953 -0.900
40 L—%z 3.60 0.195 5.41 | =C.877 -0.872 =0.870 -0.8661-0.911 -0.918 -0.925 -0.879
L

%.86 0.241 5.25 | -0.907 -0.903 -0.909 -0.888{-0.914 -0.924 -0-935 -0.574
42 {1-35 3.65 0.237 6.48 | -0.595 -0.573 -0.599 =0.589|-0.641 -0.647 ~0.691 -~0.584
43 11-36 2.72 0,449 16,51 | ~0.061 -0.951 -0.954 -0.952]|-0.971 -0.975 -3.980 -0.941
A1 JIR%L | =0.56 0.391 -69.59 1| -0.969 -0.955 -0.949 -0.966[-0.97% -0.982 —0.978 -0.960
45 |IR32 |=0.57 0.261 -45.82 | -0.704 -0.715 -0.688 -0.692|-0.713 -0.733 -0.733 =~0.667
46 |1R21 1.18 0.559 47.55 [ -0.960 -0.944 -0,943 =0.968[-0.985 ~0.981 -C.971 -0.98%

22 8= 7 21.52 19.473 §0.50 G.936 0.921 ©0.917 0.94%5| 0.990 0.982 0.965 1.000
22 |3- 9 ]19.84 16.871 85.05 0.959 0.9%2 ©0.9%6 0.938) 0.992 0.995 1.000
24 |§5-12 18.55 14.369 77.48 0.970 0.963 0.966 ©.956, 0.998 1.000
25 |s-Ave |19.96 16.802 84.17 0.960 0.950 0.954 0.953[ 1.000
47 |L8-7 2007 0.7 27.986 0.988 0.976 0.96L 1.000°
48 | LS-9 2.71 ©0.949 27.65 0.992 0.99% 1.000
49 |1s-12 | 2.69 0.695 25.85 0.997 1.000 L:log transformed
50 | Lg-Ave| 2.73 0.735 26.96 1.000 S5:801i1 moisture
H: rising rate
nimber of samples : 11 B:channel number
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Table 3 Correlation matrix (complex surface) Photo | Distribution of soil moisture
contents in the Kujukuri coastal plain (Jan. 23, 1981)

Yariable Humber

Variable Mean S.D. c.V. 50 49 48 47 25 24 23 22

No. Name L3~Ave LS-12 L8S-9 Ls-7 S-Ave 5-12 5- 9 -7

1 | B-11 26.45 146 4.33 -0.117 ~0.125 -0.134 =0.077;-0.012 -0.002 -0.069 -0.039
2 | B-12 32.45 417 7.45 -0.178 -0.196 -0.212 -0.11%,-0.175 -0.1656 -0.243 -0.107
3 jB=13 29.80 436 4.82 -0.27% -0.268 «0.287 -0.2611-0.317 -0.272 =0.366 -0.292
4 [B-14 |[34.45 115 6.14 | -0.395 ~0.383 -0.414 =~0.358|-0.43% -0.404 -0.483 -~0.396
5 | B=-15 31 .65 782 15.11 0.138 0.10¢ 0.112 0.206} 0.114 0.097 0.079 0.159
6 | B-16 -6.05 .583 -26.28 0.870 0.859 0.8%4 0.894} 0.828 0.820 0.792 0.838
7 1 B=21 51.20 L116 9.99 —0.701 —0.656 =0.706 -0.722|=0.156 -0.117 -0.750 ~0.764
8 | B=22 54.05 .017 16.68 -0.674 -0.666 ~0.674 -0.660{-0.737 -0.720 -0.727 =0.732
g [ B-23 42.65 .185  16.73 -0.640 ~0.612 -0.630 ~0.659|-0.672 -0.638 ~0.654 ~0.691

10 | B-22 }60.80 1
11 | B-25 [%9.75
12 |B-25 | 6.04
13 | B=31 |45.70
14 |B-32 |55.50
15 | B-33 |34.90
16 | B-34 |44.70
17 {B-35 |38.10
18 [ B-35  114.72

790 22.68 | -0.645 -0.615 -0.636 —0.6621-0.681 -0.643 —0.670 ~0.696
.257 15.74 | =0.526 -0.513 -0.498 -0.548|-0.602 -0.592 -0.554 -0.536
.212  69.79 | -C.B48 -0.851 -0.828 —0.846]=0.783 ~0.806 —0.742 -0.776
441 12.05 | —0.B54 T0.860 -0.BA1 -0.836]|-0.832 -0.836 =0.818 ~0.812
.259 16,68 | -0.853 -0.851 -0.850 -0.8%3{-C.849 -0.846 -0.836 -0.832
.017 17.24 | -0.B23 _0.826 -0.802 -0.813(-0.810 -0.809 -0.786 -0.804
.548 21.36 | -0.846 -0.853 -0.830 —-0.829|-0.809 -0.812 -0.790 -0.796
.820 17.90 | -0.615 -0.641 —0.580 -0.607]|-0.606 -0.655 ~0.557 ~0.596
.176  35.1i7 | =0.89% -0,911 -0.B73 -0.834{-0.815 -0.842 -0.774 -0.804

M

i}
CoCloOCOOCO|FOOTOOCO OO QO O GM D GVD OYF S ~IWO WM R By R

T e 7 o

-

.

19 TR-31 0.55 0.175: 31.58 | —C.921 -0.927 —0.891 —0.325|-0.844 =0.864 -0.805 -0.838
20 | R=32 0.58 0.134 2%.22 | -0.538 -0.560 -0.511 -0.529|-0.457 -0.478 -0.437 -0.443
21 1 R-21 3.09 .393  45.04 | -0.911 =0.910 -0.885 -0.916]|-0.848 -0,864 -0.806 -0.846
26 | L-11 3. 1.34 | -0.110 -0.118 =0.127 -0.071[{-0.006 §.004 =0.063 -~0.045
27 tn=-12 3.48 074 2.13 | =0.18% -0.201 -0.219 -0.120|-0.179 -0.167 -0.251 -0.109
28 | L-13 3.39 048 1.42 | -0.283 -0.271 -0.293 -0.264{-0.321 -0.274 -0.372 -0.294
29 |1L-14 3.54 062 1.7% | -0.401 -0.397 -0.421 ~0.363|-0.440 -0.406 -0.492 -0.399
30 | L-15% 3.44 150 4.35 0.153  0.112 0.125 0.226( 0,127 ©.108 0.092 0.174
32 [L-21 3.9% 105 2. ~0.706 =0.664 -0.710 -0.725|-0.766 =0,731 ~0.758 -0.773
33 |L-22 3.98 180  4.53 | -0.693 -0.686 -0.692 -0.680[-0.766 -0.756 -0.750 ~0.762
34 | L-23 3.75 172 4.58 | -0-679 -0.653 =0.669 -0.696|-0.717 -0.689 -0.695 -0.734
35 | 1-24 4.08 0.238 5.8% | -0.694 ~0.667 -0.686 -0.709|-0.737 -0.706 -0.722 -0.75C
36 | L-25% 3.67 164 4.46 ~0.555 —0.544 -0.527 =0.578|-0.631 -0.624 -0.577 -0.667
37 |L-26 1.41 089 76.96 | -0.827 -0.830 —0.798 -0.8%9|-0.833 -0,862 -0,760 -0.855
38 |L-31 .81 147  3.86 | -0.849 -0.85% -0.837 —0.851|-0.8%8 -0.841 -0.824 -0.818
39 |L=32 4.00 177 4.42 -0.849 -0.845 -0.845 -0.832|-0.859 -0.855 -0.844 -0.845
40 | L-33 3-54 183 5.16 -0.819 -0.826 -0.800 -0.812(|-0.819 -0.817 -0.792 -0.815
41 |L-34 3.78 226 5.97 | -0.841 -0.846 -0.827 -0.825(-0.820 -0.822 -0.800 -0.809
42 | L-35 3.62 201 5.54 -5.594 -0.619 -0.564 -5.58%|-0.581 -0.629 -0.536 -0-567
_43 [1-36 2.62 0.%298 15,19 | -0.875 -0.883 —0.851 -0.872/-0.815 -0.841 -0.767 -0.812
44 [LR31 | -0.65 0.3%4% -52.35 | —-0.910 =0.912 -0.88% ~0.914{-0.810 -0.877 ~0.811 -0.863
45 |IR32 | -0.58 0.232 =40.23% | =0.536 -0.556 -0.511 -0.527]-0.452 -0.472 -0.431 -0.440
46 |1R21 1.01 0.535  52.90 | -0.902 -0.898 -0.874 -0.914]-0.894 0,910 -0.8%2 -0.910
22 [5=7 129.07 24.544 84.43 D.542 0,918 0.974 0.956] 0.960 0.9%2 0.936 1.000
23 |8- 9 {29.21 24.863% 85.12 0.949 0.920 ©.963 0.936] 0.960 0.950 1.000
24 [s-12 |26.06 19.506 74.86 0.961 0.959 0.950 0.952] 0.943 1.000
25 |8-Ave [28.11 22.673  80.66 0.963 0.943 0.960 ©0.9401 1.000
4T Ls-7 3.04 0.831 27.34 0.996" 0.970 0.974 1.000
48 | L8-9 3.03 0.852 28.14 0-993 0.979 1.000
45 | L3-12 2.99 0.765 25.60 0.991 1.000 L: log transformed
50 | LS-AVE| 3.03 0.811 26.82 1.000 S: so0il moisture
R: rising rate
miober of samples 3 20 B: channel rumber
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Fig. 4 Scatter plots of soil moisture contents versus soil surface temperature
A : bare soil, B: complex surface, X, Y mens surface temperature and soil moisture, Index
of X or Y: I, 2, 3 means data collected at 7. 05, 9: 35 and 12: 05 respectiveiy; Y4,

average soil moisture.
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REM) LA (7S IEDARIH, LA M) ORADFICHYT 2 ERBEC, §iFT
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FLSAOA TR, Gkt E L Ta—F, 000 215 LAMIIC, KEE 999 & LTHREICEE
&4, kE»rOWECE» T, KFNL, TR, T, FEI, AGEAR, RAII %,
g, aTE (A, TR, ORI, EREo, LEKHESRREERLIT LD TH S,
BH1icxs e, KENOERNOMO gk 20~39% % 7T 71, 9% LT OARDOERS
bERRIE W 2 H o T v B, fFEN & BB TR 40~49%Th 228, RENDILTERIIC
HU S SE S N, —EdEAE 0T WD, HE EHEEAIMTIX 40~602% DK
DERL, OB REVEAESED s, AR T 30~49% 0 L E AR E R
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Table 4 Performance of classificatin of land cover in the Kujukuri
coastal plain with airborne MSS data

Number of land cover
Land cover Number - - -
No. Name of 0123456 7 8 91011121314 151617 181920 21 22 23 24 26 26 27 28 29 Efficiency
sample
1 Paddy fieldA 5119300 002010113 0021960201023 00 01 68%
2 Paddy fieldB 72106 501 121312082 11651012 1440035110 T
3 Green 51020 ¢01 112018412 2239311 110000032 5
4 Barley 4j10013 2005232314 0000312 210311010 55
5 Radish /1001001002301 2010001 0000040 50 59
6 Cabbage B(01000 140028000 3009000000001 10 14 54
7 Welsh onion %»l20202 102000100 107 011490002010 11 2
8Greensprot 18|02 001 600100012 006012003501 0000 02 22
9 Straw 52110000 100558230401 0026502421012 &
10 Pasture 7{20001 200C¢007200¢002 0000000001000 33
11 Weed thin glooo0o00 100000500 101 0000000000000 7
12 Lawn Bf1oo000 000000170 0000002 10090 001000 62
13 Weed mass 25110300 00609010121 00912035 06000310 20 48
14 Pine 8]0111[]110001001@1_630200(}40020001 17
15 Japan ceder 12100000 000000000 7300000020 0¢00C0C0 83
16 Mixed /10019 6001090106 7300003 200000000 53
17 Wet sand 51{02000 000200100000 81002 0171 1400 30 3
18 Dry sandA 9908510 001001010 11420301 1150 ¢300 01 7
19 Dry sandB 922204 3014604713307 60141321 58308 13 4l
20 Dry sandC (41000 001011641 10200816201 211000 30
21 Silt 9loo 020 01005010620 6060 (001001 01006 00 1
22 Water 5620000 000000000 CO0S5 1700 042¢ 0000 10 72
23 Concret (80000 0CO0O0OOCO0D0T1 200200000036 001330 37
24 Asphalt {00 @00 CGOLOODOO0O®D OCL 1001 102II00C0 00 69
26 Strawthatchet 17|20 0 1 0 ¢1 00 00 1 ¢ 0 1 0C¢ 0101 L 1@ 1510 00¢ 35
%5 Tile (roof)19| 20 000 00 ¢ 012100 001 1200001 103310 42
77 Slate 11111 900 0061990000 COBOL 1OOY 002 0013 10 29
28 Vinyl 46/10010 413000200001 1200005 2034152 33
29Vinyl&welsh 49|10 0 2 2 003530002 201 532100046400 16 55

Number of samples: 1100

T, CHheOEERLEBRIBHACEEOSHLLEOE M FGET 548, BICHREL LY L 310,
Z O B RIS O MR, BEEEoERICEiiah, LME~FEMEE
AIDBRDTH %2 T o

IheOEaALIEOMR I, HalEHofgcRy i, $R~ER~BF~TBhE
CHBE KK RS LEIRIC AL TV, 27, BESBISHS £ L b, MR, K
RIS N7 kFAORED £ OASIEHSIAD £ 5T, ATHEEE MSS(LANDSAT) 7—»
w kAT EAAFHEY L0 AR HERGOAREST AN TV S, FLOEIC L5
FoE P ERAFEEOE R KT X D, BT R T 5 20 a%, LANDSAT $58 MSS 7 — 442
L ARSI TS U EEAB) THBOBASED S BAMTREE TR AL, 25, K
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: 40-49

: 50-59
7: 60-69
8: 70-79
9: BO-89

: 90-

: unknown

BEH 1 AT IWEFEEERO L E R HEE R
Photo 1 Distribution of soil moisture contents in the

Kujukuri coastal plain (Jan. 23 1981)
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Classification of Multispectral Images
by the Best Linear Discriminant Function

EREEA « ZfHE s’

Yoshikazu ITKURA® and Yoshifumi YASUQKA?

£ 5

PERE, MSS ESOER I @B ABC L5 ZRERR 7 4 v v v — OB B s
PR asTER, BERINECERTHELERTHY, br—a2 vy T -y OEHME
FRBHECHUTHEBTH L2, EHF TV —0EMMTIRZEL L ELIEEENS
B, EBOF—F ~OBEACEMERD o, FHRETRAUSER LIBSOHETY
BB OMELHEEREY I =~ v 7 AZRPFFHEEHS L L CRAEMIZHEBTZ, 36K
FFEEOBLEH 2 EF— s 2 HOTHHOFE LT 2 2 DB MIT 3,

Abstract

Multispectral images has been utilized in order to classify land use patterns. Maximum
likelihood method and Fisher's linear discriminant function are two main methods, which
has been investegated in the field of discriminant analysin theoretically. The latter method
is easy to calculate and robust with respect to normality and representativity of training data.
But its assumption of common covariance matrices for all categories makes this method
unreasonable in practical use.

In this paper, we propose the simple algorithm for the calculation of the linear
discriminant function, based on the geometrical analysis in which the difference in the

L EAEETRET REEH 7305 IR RS F BT/ N 16 & 2
Systems Analysis and Planning Division, the National Institute for Environmental Studies. Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.

. BHuUAEHRF REMESE T I05 REEFEESHIETNE 16 & 2

Environmental Information Division, the National Institute for Environmental Studies. Yatabe-machi,
Tsukuba, lbaraki 305, Japan.

— 219 —



AR - wHEL

covariance matrices can be taken into consideration. The method is applied to the

multispectral data to show its effectiveness compared with the other two methods.
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Fig. 1 Classification of two categories with one variable
f(x)and x* dencte a probability density function and a boundary point of

classification, respectively.
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575 A0 (xt| min (P + P.)/2) (4)
fomwvy s AR x| mxin max {(mP + mB)) (5)
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1 Priori probabllity of Group 1 o
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Mean error rate
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|
|
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Priori probabliity of Group 2

® 2 P L FERRHEE
Bl AT HIRE 1, 12
Rt e R BIER,
Fig. 2 Criteria of classification and mean error rate
Top and bottom axes of abscissas show priori probabilities of category 1 and 2.

repectively. Vertical axis shows mean ervor rate.

— 222 —




RSP 2 MOSTE RO i S

3 BRBTHFIBEH

3.1 BfAIFREN

B3 oDETIERGHE fi, AENT IS/ ERAEMD *»EBHOBTRELE, D
KXTHEZ N 0EERRIEAE L2 (FEEREY LEL),

Di=(x—p) B0 (x — ), =12 (6)

TR, g, 20 R BHOFIGE L ASETTITH 3,

Rl Do=D. TooWEQREHEENPET LA THY, MIVBahz k3 D, 4
BrRoBuRIEC2 -2 CFET 5, KR TRI T 5 REGFHBBERIL S 0 2EBD »ho
MEOFEBERENCET AR L ERTH 5,

3 2EE2EBOBE ORGSR
EHCFE L FEERM, RESTHGIBEEK a*, 85 0 2x7

Fig. 3 Best linear discriminant function in the case of 2 categories and 2 variables
Ellipses with equi-Mahalanobis distances, best linear discriminant function and a tangent
point are shown in the plane of variables
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Fig. 4 Three cases of tangent lincar function with equi-Mahalanobis distance
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Fig. 5 Comparison of discriminant functions in the plane of variables
(a) Fisher's linear discriminant function.
(b} Best linear discriminant function.

(c) Quadratic discriminant function by Maximum likelihood method.
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Fig. 6 Results of classification with original MSS image
(a) Original MSS image

(b) Fisher's linear discriminant function
(c) Best linear discriminant function

(d) Quadratic discriminant function by Maximum likelihood method
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Abstract
A family of optimization procedures are developed for the enhancement of conirast of

laser radar images based on histogram transformation. Here the transformation from input
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pixel data to output gray-scale picture is confined to a class of piecewise linear trans-
formations. Although contrast enhancement is ﬁeccssary in a laser radar image, general
nontinear transformation should be avoided, since they may induce unexpected distortions
on the output picture, which cause difficulties in the specialists’ evaluation of the picture.

Therefore the standard histogram flattening is useless. A family of interrelated criteria,
i.e., histogram entropy and quantizing errors b'y Elias are introduced. Three classes of
piecewise linear transformations are also introduced as admissible controls 1o each of the
criteria. These procedures are applied to actual laser radar images and their effects are
discussed. Although this method is'developet_i_ for laser radar images of atmospheric

measurement, it is applicable to various pictures in scientific measurement.
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Fig. 1 Linear and piecewise linear transformations from input pixel data to output
gray-levels
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Fig. 2 A laser radar image with linear transformation from input data to output gray-levels
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Fig. 7 Another laser radar image with linear transformation (Example 2)
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Fig. 11 The result of histogram flattening on Example 2
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Fig. 12 Entropy values of the output images by the maximization of H (¢) with Cli, Cb,
and C/;, where horizontal axis shows numbers of 22 laser radar images

— 242 —




b= = — Y — RSN O Rl L 2Rk

-a a 8888889, 8080888

Y v%af\/fﬁ“ﬁ 1«&-:

v

E A
g 2= - /
=
e}
A A
1= * 4 e & flattening
A Q- entropy
a~-a My
a-g M2
A a-original
1 1 1
1 10 20

{MAGE NUMBER

13 H, M\, M DFRE(EERCBT Ly o —-0fd

Fig. 13 Entropy values of the output images by the optimization of H (¢}, Mi{c), MAc)
with C/,, and by histogram flattening

»

GRAY-SCALE
F: 3
: b
o
= g
/ .
>p \i‘o\
"\/ L
g
\&\/

e R
\ a. o \
4/ a\ﬁ, &/ U,Q e o flattening

2 na 3 A O-0 antropy
a . a-a My
o1 M2

A a original \

IMAGE NUMBER
4 H M, M, DR X3 HDEEOBEOESE

Fig. 14 Average gray-levels of the output images by the optimization of H(c), Mi(c),
M.(c¢) with C/,, and by histogram flattening

— 243 —



AW - K 1 - PUBEIES - HRIER

ATALEORBE T A/DERIATH: 28, e FEESTELZWI il L2, ZOHKASH
B350, TYOE—DEREHT, SR, FEES G, M, M, H, O
N O E—SITL T T At B, & el @ 1413, H, My, Ma, TR 20 EAE R
EROBBOTHEETL TR 5. 22T, REBHEOE VA0V 1, BEDRE L <L % 10
kL, Wy 10 BREECBIEE L TE X O &Lhﬁé?ﬁﬁ%tcfwé IR EHR O Wik
A m,W%?%it$jk“%,M,Ht?fﬂuﬁﬂ,%&@ﬁﬂﬁ<tofm<%¥
PEAT VB, 30, TR & 5 PHEMFHEMS.5 L3 L B L & WEHEATI BT,

4 # B

ERI B 5 MEOEREOBEARRD “DTH 5,

(i) @@3/%7xb%%w%;vkﬁTEH%&%?%ﬁ%%ﬁﬁiEﬁ@%ﬁwV%
FaghIk,

(i) EROBEEEFZTLILICLD, ﬁ@77xkﬁm%ﬁ%ﬁﬁb g = b L
k. ‘

e, EA ST ATIRICL AEEERR, A NI AFEHGEREL L SEEL N
FdiBotedt, FOkSELE LT, JOMESIETTRESEIAT 2, ThbS,
LITOERMOFALLT, WOLI B enhiFons,

(A) EAV/ZLFELEE-T, EABELERE L 28, BHRCHERPERCLILE
BELLESERY, Thbb, BEMGICENT, 79 R ELT 2588, HHER
Th, BHERRKE @10 (e, b)) CA-TWAEDBREEHICELT 2,

(B) v—H¥—L—F—EROFS, H%/zﬁJfﬂ“{t?'Za/Wu‘/%@kiﬁﬂETé T EBE,
c kSRS, LIROE @kbwfﬁTEﬁ%%ﬁm;fﬁéﬁ1m<%ﬁﬁﬁm%%
2BPERELE, 2O LR, A%ki%%ﬁ?ﬁ%ﬁﬁ?ﬁ%$$<ﬁx&m %7z
—AT, EROBSEEEEET T, B ,@%ﬁ@?&@@@%ﬁé&(&ét@ =
B, LiiaT, AMOFESENE RS,

Wi, MEsBEft L toE&EEDRE I, :

(a) FELIE7 5 A Chy Cl Cl OESRBECANE LS5 1E, KEGRBBICHE V-
Feb— ¥ —EROEED 5 A TH oS Th S, —AC, BRO b O L SHO S
Tt s, BEOHEI ZARRGET IR, TREFEETEZV LI KEbRE,

(b) FHEEHLERELZILOBHRELOMYTHL, BT, T b ot TR T
TH 2 I TOEGERBROBHRAE VR ENIOTHEY, EEL IR, 0L
ERT5ILT, MESCDEERMICE > 2 & TH o BB L5, FHERME
M2y LR BT EREDIY PO E—ITHEL LD (M) 2 S RHERESZ 5D
D (M=) F CHEEHCELTS, COZ LG, R IVERYS 2 3 TFERBCHIET D

— 244 —




b — L — RN o Rt £ 3 ERL

WFA=F —r DEE, BRAROFEICESWTEDDI I EMNFLLNS,

BECESSEREHOREE R+ 72 AF D & 3 LEAFEOBRICIE, —&, kD
APl b dEricBbhd, ZITRLLEROFER, BrFLWESERBOAEYS
ABRERTHL, BENFHECA NS APHELE 204 & —EOMAF &L — > OB
BrLTETLOTHD, £, ST, V=¥ —L—F R THAZITo>708 =
CTOFEREZ, BRIz L AEKRETRATES LBHh 3,

Booiwo, EBEERTIICH:>T, 2 0RELHEEE 2180 BRI AEPIERT IR
ER, EFRAEL, TIRERBEL, FEEEL, EHEERRKCHEERT L, 27, fEE
FEoTwieu TEIZARESE—K RE B28{ER wE#s3,

5l 8 X ®

I} Rosenfeld, A. and A.C. Kak (1982): Digital Picture Processing. 2nd ed. Academic Press, New York.

2} Praw, WK, (1978): Digita! Image Processing. Wiley, New York. .

3)  Max, J. (1960) . Quantizing for minimum distortion. IRE Trans. Inform. Th., Vol IT-6, 7-12.

4) Elias, P. (1970) : Bounds on performance of optimum quantizers. [EEE Trans. Inform. Th., Vol IT-16, No.
2, 172-184.

5) Hummel, R.A. (1975) : Histogram modification techniques. Comput. Graph. and Image Process., 4, 209-224.

6) Hardy, G.H., JLE. Littlewood and G. Polya (1967): Inequalitics, Cambridge Univ. Press, London.

T) K - PINEER - R AR AR SR (1982) | KBRS RERIBAR L —
Fow b — F - DFEF L BUE, EIAETRARRS, B35, 6181

8) {HEFEERA - TTEER - BAFHBLR (1982) [ v —¥— L — & —ERT — 7 0H  HRFEROMR, BEiIn
HIAFE AR, H34E, 125-141

9) At F—{EESL—7 (1982) : BEMEY T —F 2 « 28w — 2 SPIDER User’s Manual.
[y A7 L%

—245—




Ex A EWEATIERSE 775 (R-T7-85)
Res. Rep. Natl. Inst. Environ. Stud., Jpn., No, 77, 1985.

1114 BEHAEC L 2 ERAEE
T —FE
On Optimal Strategy of Itinerating a Mobile Unit

for Air Pollution Menitoring®

G ERCT « WARIER

Mikiko KAINUMA' and Masaaki NAITO!

L

ATERER AT L LIBEEHIEAER T2 ARARE L, 2 TR
OERBRESHOBI RT3 &2 GEHHHOEE A T ¥ o — AR ERERE T
WEL, TORHRUTOANEEBL. Fabs,

D B-HEA0SE, do0Mco 2GABRErE T 2R, —ERRTER

TEIk,
2) HEEOBESOESIR, FREFROMAD T —y OSECIE U TREEEEID O
Behs Ik,

3) BoeniFHEEE-s TAERTFTOBRUMEIGERL, LW2r0 NS ZHERNRY
HEAIE,

ZIZTOFRET AT AETALTHOMEEFBALSCUE T A LT L > T, BECEEN
THEESEREHLCLREBKIEREANSG LI ERT, BT 22U 7050 FH%R
WITEERNZ D EHELZ, Iy — LT, BBIv—¥v—Fick 29
By A7 onffEsn, ~HHBECERLESRLTWwS, IhsD AT AOMBRER
FROBRECAROAEIFEATELTHS 3,

Abstract
By virtue of the search theory, a basic strategy has been developed how to itinerate mobile
units to supplement or to substitute a routine air monitoring network system. The objective

criterion is defined as to minimize the total error variance of monitored values throughout
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an objective area. An optimum itinerating schedule is decided under this criterion.

The followings are the results derived in this work

1} itinerary of a mobile unit should be made in constant interval to minimize total
detection error along a given time span,

2) the interval can be decided depending upon a variance of the estimated values at each
station in case of plural stations,

3) the evolved strategy was applied to a practical case of the air monitoring system in
Osaka Prefecture and an interesting fact has been noted that the suburban stations have
become of increasing importance to patrol in recent years. o

The strategy above would be readily extended for more §0phisticated situation by
elaborating mathematical model and introducing more practical objective criteria. On a
mobile unit, a compact laser radar system has been developed to receive practical
applications. The strategy above would also be applied for the effective usages of this system.
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Table | Summary of the analytical procedure

Construction of the state

Step 1 estimation model,

“(Section 3)

Estimation of error

Step 2 covariance.

Demonstration of the
calculation method of
Step 3 optimal timings which -—-{(Section 4)
minimizes the total error
variance.

¥

Optimization of the total
Step 4 system with estimation -—-
error and observation cost.

A subject of]
future study
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Imamiya Junior 15 o 2 3
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Shutoku Gakuin
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Table 3 Optimal itinerating frequency when the period (T) is 100days

1976 1980
No. Station
N=100 N=200 N=300 N=100 N=200 N=300

1 Ogimachi 0 0 0 0 0 0

2 Konohana { 22.5 1.1 0 0 0

3 Horie 0 0 0 0 0 0

4 Hirao 0 0 0 0 0 0

3 Yodo 0 16.0 25.4 0 0 0

o Katsuyama 36.9 29.8 43.7 0 ¢ 4}

7 Omiya a 0 0 0 0 0

8 Seiken 26.0 30.7 36.3 H 0 0

9 Imamiya 0 0 0 ¢ 0 0
10 Yodogawa 1] 9.0 24.6 0 0 0
11 Naunryo H 0 0 \ 0 0
12 Setsuyo 0 0 0 0 0 0
13 Yodoyabashi 0 -0 23.5 0 0 -0
14 Kansj center 0 13.3 24.9 0 0 0
15 Furitsu Univ, 0 0 0 Q0 0 0
16 Sennan 0 0 ] 0 0 0
17 Tyonakaminami . 0 0 0 0 0 0
18  Toyonaka 0 0 0 0 0 0
19 lkeda 0 0 0 0 0 0
20 Suita 0 0 ] 0 0 0
21 lzumitsu 0 0 0 0 0 0
22 Takatsuki 0 1] ¥ 0 0 ]
23 Kaizuka 0 0 0 44.9 50.7 535.2
24 Moriguchi 0 ¢ 0 0 0 0
25 Hirakata 0 0 0 0 21.0 27.5
26 Wani park 0 0 0 0 0 0

0 0 0

27 Ibaraki
‘ 28 Yac

N : Total number of observation times
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BEREET L ENARETH L, wERN LT3 ENERRRTE2 o0 s, Bato

— 259 —




Uik S R N

RESHLN W, (HETOBRE TR, (AT -y S MO 2 Mo TOBRMC
FoTbEREENS, Z0L E5OMER,

HAYEaS

21, ) — max | (26)
RIS

Sn=N (27)
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Fig. 5 The present monitoring stations and the optimal interating frequencies in Osaka
Prefecture in 1976 and 1980
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Fig. 6 Error variance as a function of a correlation coefficient
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Studies on the biclogical effects of single and combined exposure of air pollutants — Research report
in 1977-1978. (1980)

Remote measurement of air pollution by a mobile laser radar. (1980)

Influence of buoyancy on fluid motions and transport processes — Meteorological characteristics and
atmosphetic diffusion phenomena in the coastal region — Progress report in 1978-1979. (1980)
Preparation, analysis and certification of PEPPERBUSH standard reference material. (1980)
Comprehensive studies on the eutrophication of fresh-water areas — Lake current of Kasumigaura
{Nishiura) — 1978-1979. (1981)

Comprehensive studies on the eutrophication of fresh-water areas — Geomorphological and hydrome-
teorclogical characteristics of Kasumigaura watershed as related to the lake environment — 1978-197%.
(1981)
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No.40*

No.41*
# No.42=

# No.43

Comprehensive studies on thé eutrophication of ‘fresh-water areas — Varation of pollutant load by
influent rivers to Lake Kasumigaura — 1978-1979. (1981)

Comprehensive studies on the eutrophication of fresh-water areas - Structure of ecosystem and
standing crops in Lake Kasumigaura — 1978-1979. (1981)

Comprehensive studies on the eutrophication of fresh-water areas — Applicability of trophic state
indices for lakes — 1978-1979. (1981) )

Comptehensive studies on the eutrophication of fresh-water areas — Quantitative analysis of eutrophi-
catjon effects on main utilization of lake water resources — 1978-1979. (1981)

Comprehensive studies on the eutrophication of fresh-water areas — Growth chiaractéristics of Blue-
Green Algae, Mycrocystis — 1978-1979. (1981)

Comprehensive studies on the eutrophication of fresh-water areas — Determination of argal growth
potential by algal assay procedure — 1978-1979. (1981)

Comprehensive studies on the eutrophication of fresh-water areas — Summary of researches — 1978-
1979. (1981) ’

Studies on effects of air pollutant mixtures on plants — Progress repot in 1979-1980. (1981)

Studies on chironomid midges of .the Tama River. (1981)

Part 3. Species of the subfamily Orthocladiinae recorded at the summer survey and their distribution
in relation to the pollution with sewage waters.

Part 4. Chironomidae recorded at a winter survey.

Eutrophication and red tides in the coastal marine environment — Progress report in 1979-1980.
(1982)

Studijes on the bjclogical effects. of single and combined exposure of air pollutants — Research report
in 1980. (1981) .

Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides system — Progress
report in 1979 — Research on the photochemical secondary pollutants formation mechanism in the
environmental atmosphere (Part 1). (1982)

Meteoroiogical characteristics and atmospheric diffusion phenomena in the coastal region — Simulat-
ion of atmospheric motions and diffusion processes — Progress report in 1980, (1982) .

The development and evaluation of remote measurement methods for environmental pollution - Re-
search report in 1980, (1982)

Comprehensive evaluation of environmental impacts of road and traffic; (1982)

Studies on the method for long term environmental monitoring — Progress report in 1980-1981.
(1982)

Study on supporting technology for systems analysis of environmental policy - The evaluation labo-
ratory of Man-environment Systems. (1982)

Preparation, analysis and certification of POND SEDIMENT certified reference material. (1982)

The -development and evaluation of remote measurement methods for environmental pollution —
Research report in 1981. (1983)

Studies on the biological effects of single and combined exposure of air pollutants — Research report
in 1981. (1983)

-Statistical studies on methods of measurement and evaluation of chemical condition of soil. (1983)

Experimental studies on the physical properties of mud and the characteristics of mud transportation.
{1983)

Studies on chironomid midges of the Tama River. (1983)
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Part 5. An observation on the distribution of Chironominae along the main stream in June, with des-
cription of 15 new species.

Part 6. Description of species of the subfamily Orthocladiinae recovered from the rnain stream in the
June survey. .

Part 7. Additional species collected in winter from the main stream.

No.44* Smog chamber studies on photochemical 1eactions of hydrocarbon-nitrogen oxides system — Progress
report in 1979 — Research on the photochemical secondary pollutants formation mechanism in the
environmental atomosphere (Part 2). (1983)

No.45* Studies on the effect of organic wastes on the soil ecosystem — Outlines of special research project —
1978-1980. (1983)

No.46* Studies on the effect of organic wastes on the soil ecosystem — Research report in 1979-1980, Part 1.
(1983)

No.47* Studies on the effect of organic wastes on the soil ecosystem — Research report in 1979-1980, Part 2.
(1983)

No.48* Study on optimal allocation of water quality monitoring points. {1983}

No.49* The development and evaluation of remote measurement method for environmental pollution —
Research report in 1982, (1984)

No.50* Comprehensive studies on the eutrophication control of freshwaters — Estimation of input loading of
Lake Kasumigaura. — 1980-1982. (1984)

No.51* Comprehensive studies on the eutrophication control of freshwaters — The function of the ecosystem
and the importance of sediment in national cycle in Lake Kasumigaura. — 1980-1982. (1984)

No.52* Comprehensive studies on the eutrophication control of freshwaters - Enclosure expetiments for
restoration of highly eutrophic shallow Lake Kasumigaura. — 1980-1982. (1984)

No.53* Comprehensive studies on the eutrophication control of freshwaters — Seasonal changes of the bio-

' mass of fishes and crustacia in Lake Kasumigaura. — 1980-1982. (1984)

No.54* Comprehensive studies on the eutrophication control of freshwaters — Modeling the eutrophication of
Lake Kasumigaura. — 1980-1982. (1984)

No.55* Comprehensive studies on the eutrophication control of freshwaters — Measures for eutrophication
control. — 1980-1982. (1934)

No.56* Comprehensive studies on the eutrophication control of freshwaters — Eutrophicationin Lake Yunoko.
—1980-1982. (1984)

No.57* Comprehensive studies on the eutrophication control of freshwaters — Summary of researches. —
1980-1982. (1984)

No.58* Studies on the method for long term environmental monitoring — Outlines of special research project
in 1980-1982. (1984)

No.59* Studies on photochemical reactions of hydrocarbon-nitrogen-sulfer oxides system — Photochemical
ozone formation studied by the evacuable smog chamber — Atomospheric photooxidation mecha-
nisms of selected organic compounds — Research report in 1980-1982, Part 1. (1984}

No.60* Studies on photochemical reactions of hydrocarbon-nitrogen-sulfer oxides system — Fotmation
mechanisms of photochemical aerozol — Research report in 1980-1982, Part 2. (1984)

No.61* Studies on photochemical reactions of hydrocarbon-nitrogen-sutfer oxides system — Research on the
photochemical secondary 'pollutantsl formation :mechanism | in | the | environmental & atmosphere;
(Part 1) — Research report in 1980- 1982, Part 3. (1984)

No.62* Effects of toxic substances on aquatic ecosystems — Progress report in 1980-1983. (1984)
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No.64*
No.65
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No.67*

No.68*

No.69*
No.70

No.71*
No.72*

No.73*

No.74%*

No.75
No.76
No.77*
No.78%
No.79
No.80*
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Eutrophication and red tides in the coastal marine environment — Progress report in 1981, (1984)
Studies on effects of air pollutant mixtutes on plants — Final teport in 1979-1981. (1984)

Studies on effects of air pollutant mixtures on plants — Part 1. (1984)

Studies on effects of air pollutant mixtures on plants — Part 2. (1984)

Studies on unfavourable effects on human body regarding to several toxic materials in the environ-
ment, using epidemiclogical and analytical techniques — Project research report in 1979-1981. {(1984)
Studies on the environmental effects of the application of sewage sludge to s0il — Research report in
1981-1982. (1984)

Fundamental studies on the eutrophication of Lake Chuzenji — Basic research report. (1984)

Studies on chironomid midges in lakes of the Nikko National Park — Part 1. Ecological studies on
chironomids in lakes of the Nikko National Park. — Part II. Taxonomical and morphological studies on
the chironomid species collected from lakes in the Nikko National Park. (1984)

Analysis on distributions of remnant snowpack and snow patch vegetation by remote sensing. (1984)
Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfur oxides system—Research
on :he photochemical secondary pollutants formation mechanism in the environmental atmosphere,
—Regearch report in 1980-1982. (1985)

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-suifur oxides system—Final report
in 1980-1982. (1985)

A comprehensive study on the development of indices system for urban and suburban environmental
quality. Environmental indices-basic notion formation—Research report 1984, (1984)

Limnological and environmental studies of elements in the sediment of Lake Biwa. (1985)

Study on the behvavior of monoterpenes in the atmosphere. (1985)

The development and evaluation of remote measurement methods for environmental pollution, (1985)
Study on citizens’ role in conserving the living environment. (1985)

Studies on the method for long term environmental monitoring—Research report 1980-1982. (1985)
Modeling of red tide blooms in the coastal sea—Research report 1982-1983. (1985)

A study on effects of implementing environmental impact assessment procedure—With particular
reference to implemeniation by local governments. (1985)

Studies on the role of vegetation as a sink of air pollutants—Research report in 1982-1983. (1985)

Studies on chironomid midges of some lakes in Japan. (1985)

* in Japanese
3% out of stock
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