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The Purpose and Outline of the Studies
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Abstract

The objective of this project is to develop monitoring techniques of dynamics of the en-
vironment through remote sensing, The instruments employed here are laser radars in the
atmospheric environment region and multi-spectral scanners {MSS) in the water region
and ground environment region. The period of the project is 4 years form 1984 to 1987 fis-
cal year. In this report, results in the first half-period are found. The major achievements
are: A differential absorption laser radar was constructed and the NO2 concentration in the
ambient level of 2 ppb was successfully measured. The structure and movement of a sea
breeze front was observed by a large scale laser ladar. The image enhancement techniques
and land average classification techniques were developed. The spatial and temporal strue-
ture of atmospheric pollution was analyzed in order to organize the ground monitoring sys-
tems for atmospheric environment.
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Abstract

A new lidar techuique for measuring the profiles of backscatter ratio, atmospheric visi-
bility, and atmospheric temperature is proposed. Based on the theory of high resolution
Rayleigh/Mie scattering, the feasibility and advantages of using atomic vapor cells as block-
ing filters for measuring atmospheric parameters are demonstrated with a numerical exam-
ple worked out in detail. )

The procedures for selecting the optimum temperature for an atomic vapor filters as
well as for error analysis and sensitivity estimation were carried out. We named the new
technique the High Spectral Resolution Laser Radar or HSRL. It is verified that the preci-
sion of an atmospheric temperature measurement with a HSRL system under construction is
feasible for practical use.
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Fig. 1  (a)Rayleigh/Mie light scattering spectrum of air molecules
(b) Residual scattering spectra after the transmission through the lower

temperature filter
{e) Residual scattering spectra after the transmission through the higher
temperature filter

In the same figure, the transmission curves of two atomic filters, F'(v) at lower temperature
and F(¥) at higher temperature.
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Fig. 5 Temperature dependences of the absorption spectra of an atomic
vapor filter {Cs}
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Atom Rb Ba Cs Pb
Laser Energy {mJ}/Pulse 7.0 27.0 20.0 3.0
Wavelength {nm) 780.0 553.7 388.9 283.3
1/ (Wavelengtn) * 1.0 3.9 16.2 57.5
Quantum efficiency {%) 1.5 3.0 30.0 25.0
D 4.03x10°° 3.39X107°%  2.36%107% 5.16X1077
Figure of Merit 4.23x107° 3.21x107%  2.27x107% 2.21x107¢

#* Relative value
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Table 3 Specification of a HSRL system

Definition Symbol Value
Energy/Pulse E (m]/Pulse) 20
Repetition rate m {1/sec) 25
Depth resolution L (m) 30
Quantum efficiency 7 (%) 30
PMT noise factor 2
Collection area A, (mz) 0.385
Efficiency of optics K 0.1
Geometric form factor Y (%) 100
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A Differential Absorption Laser Radar System for Measurement of
Vertical Distribution of NO; in the Urban Atmosphere
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Abstract

The design and construction of a differential absorption laser radar (DIAL) system for
measuring the vertical distribution of NQOz in the urban atmosphere are described. Two-
wavelength laser beams in the blue region generated by a dye laser pumped by Nd: YAG
laser are used as the light source for the DIAL measurement. The wavelengths are switched
alternately with the pulse repitition rate of 10pps. The minimum deteciable NOz concentra-
tion (signal-to-noise ratio=5) for the DIAL system is 10ppb for a 10 minute measurement.
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Table 1 Specitifation of the NOz2 DIAL system

Laser

Type . Nd ! YAG pumped dye laser

{ JK lasers HY750, Quanta—Ray PDL 1)
Output energy . 20ml/pulse
Wavelength I Age=448.1nm
A =446 .6nm

Telescope

Type . Newtonian

Diameter . 50 ¢m

Focallength . 1.2 m

Field of view . 0.7mrad
Filter

Type - Interference filter

Bandwidth © 1.5 nm
Photomultiplier tube

Type : (Hamamatsu R329)
Transient recorder

Type : f{Autnics SI21)

Clock rate . 20 MHz

Accuracy 10 bits

T T T T

VISIBILITY 20 km
DAYTIME =
10 min  AVERAGE

"~
L=
T

MINIMUM OETECTABLE NO; CONCENTRATION (S/N=5) (ppb)
=)

HEIGHT  {km)

1 DIAL ¥ 2 5 2 OIRERN % HisE EE
Fig. 1 Calculated minimum detectable NO: concentaration
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Block diagram of the measurement control and data acquistion system
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Table 2 Functions of the microcomputer 2

{a) Control of the laser wavelength
* Generating pulses for the motor drive
* Reading signals from the position sensor
* Generating pulses for checking operation
(b} Control of the filter switch
' Generating pulses for the motor drive
* Reading Signals from the position sensor
* Generating pulses for checking operation
{c) Generating Lhe laser trigger pulses
{(d) Sending status signals to the microcomputer 1
- Status of the jaser wavelength (A, or A .q)
» Alarm for ahnormal operation
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Table 3 Functions of the microcomputer 1

(a) Reading states signals from the microcomputer 2
b) Reading data from the power monitor modules
c) Control of the transient recorder

{
(
(d) Reading data from the transient recorder
(e) Writing data on the magnetic tape

(

f) Displaying alarms
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Table 4 Software programs for the DIAL measurement

Program for the microcomputer 1 Operation mode of the microcomputer 2

{1) Program for the DIAL data DIAL mode
acquisition _

(2) Program for measuring absorption Scan mode

spectrum of the standard NO: cell
{3) Program for testing the power —

monitor modules
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Aerosol Backscattering in DIAL Measurements
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Abstract

The error in DIAL measurements caused by the fluctuation of aerosol backscattering
was quantitatively analized using the data of the NIES large scale lidar. The alternate, two
wavelength method with a 10 pps laser is sufficient for ground-based DIAL in the visible
region for measurements of pollutants in the atmospheric mixed layer.

1 Ui

E T AERR TEBTHIC ST ABERED NO, OEEBRA T HY &+ 25WIL — -
L%~ (DIAL) ¥ A7 L DORFEE T - TV b (REEFR LN -2) . KRLTEZOEREB DRI
5720 TAT o7z, DIAL #EOMEZEOEBMLFFMICOVWTE L O THRET S, 4512 DIAL 8l
B3 2 kEY Y BAORMERE L7 oy VIRESTHORMELD, S & U HREE DMRIZDWN

1. B aEWmAes ASREY 7305 FRAEiE mipar A gillek 2
Atmospheric Environment Division, the National Institute for Environmental Studies. Yatabe-machi, Tsukuba,
Ibaraki 305, Japan.

2. ENAEMRER BT T305 MR EEA AT 163 2
Engineering Division, the National Institute for Environmental Studies. Yatabe-machi, Tsukuba, Ibaraki 305,
Japan.




BRI

TGS Bo ZOMBIC OV CREGTORI (A - 474, 1985 ; Sugimoto &, 1985) T & 3h~7= 2%,
R L TRERNLER LT, BENLY AF LB ANEREOTEO HELE 2 5,

2 £ B

IT O NOREC L B DIAL MlE ORBEF T3 270 B RERRHTARL —— | —
& — (KD, 1982 Shimizu &, 1985) IS X BIIE LA F— 7 4 FIMH L7z, KBIL—H—L — 5 —
FRAWAEBERMED SN KA, L7 o0V OBESHOEEIFEY 1 5 ICEBN3 5 o kAT
L7 THD, LHTORIL A « 7, 1985 ; Sugimoto &, 1985) Tl Iz AEn, AR —
=l =505 IZBHD L -F—L—F—BEOFNREFADOY v » b % DIAL IDHIE I BT
%on, off DIEFH L B% LTDIAL 25135 & ABEOMEETRECHET 2 b D% 3HE L7,
508G, 1EEDOL —F L F—F— 52TV ADT, BEEE0 & 455, BENEIC
B BPERIIY 52 EATE S, 12.50ps THELAF— % nSay hBEIon, off O
FERET IO 2 BRI G 2R 28,

3 ERCEE
DIAL A€ B W TIREERD L 9 IZ5H 8 s n s,

1
N(R)=2—adf In[F{R)] (1)
SO, L REEOHRBE BT IEE, o EEDRIMER, FR), FRIEKOL I ICERSAT
Wi,

F(R) :fuﬂ(R)/fnn (R)
Fi(Ry=P;,(R+L)/P;(R) {i=on, off) (2)

PRIBL =¥ =L — & —LEEFTH b,
RN R) A BEER—ROEMTRO L) LR END,
(ANR)/NR))?=T[1/1(2 o uN®))I2(AF(R)/F(R))*

=const [ ( Afcﬂ/fon) 2+ ( Afoff/fnﬂ) 2_2 ( Afnn/fnn) (Afoff/foff) ] ( 3 }

THabh, NRICHTA2REQERRUZRREER~OEKIER L AR O ACHBEE®RIZ L - T
Feah b, ORI B - 1A, 1985 ; Sugimoto £, 1985) 12w { D20 EH 7 — % % BT
FHLZA/R)DEHOHBEBEEARENTVWAH, T2 TIRASR) OECHBEBEIC BRIk
HTERMZERBLT ). S TRACHBEERTEES(AD PR CEXT S,




T USRS SR L — ¥ — D%

S(AD =Afr® aflt—an/f {4)

BRI HITERS(ANDAI=0 DFFLA L b expl —a Al DB THFEIZL(KHETE
AL, A= 0D 3 9 b A X REDT Y ARBERITE IR TN S,

5 T T | T | T
(x10%) -
A I PO TY (YY) 1
d 1’
4 .

S = b exp(-aat)

a=0.095 sec”
b=4.0x107"

2~ -
9/26/85
1 R =0.8km -
L =02km
0
0
[¢]
1 L.l L | [
0 o 1 10 100

at {sec)

E 1 FERMISKRSH-EES D6

Fig. 1 An example of the experimentally obtained § as a function of At

WAWALLZMNEETEONEF— ¥ oKD, b OEOFETEIICTEDTRT, IHTT
FOUVERLESDRERORKBEREAOLY 0/ VT T 2R LHE, 0oL DI
BMO—FIThHhb, ORI LELDI L, L7 O VVESHOBERAY — VW TFhofEbH
URETH LY, BRHOEMEREFICRRLEVWIZETHE, 7RV NOEEORM A r—
NASHELOREIRE L VoY LEATH LA, THIBR ST 0V OESORHE 2
= AL = — L — Y — E OB MR AR L TWA D THEEELLONDL, Tabb,
L= L — & —illE IR R IS 2 KB 0o 7 0 VR S 2T L7 b O
Ehb, FECHECHEHEE L FIGERZOEMAF — VLA EVEEZLNDLOT, BVRH
EBREMAAOEHIL VTS TLI) D EEIOND,




ErZ SU T )

F* 1 W ohORMEMIIBITLEMa b O

Table 1 Coefficients a and & for several examples

afsec™) b
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light plume 0.10 3.5%10°
cloud 0.11 3.0
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Table 2 Specification of the NIES NO: DIAL system

Laser

ND : YAG pumped dye laser

Output energy © 20 m)/pulse

Wavelength ©  A,,=448.1 nm

A4=446.6 nm

Telescope

Diameter . 50 em
Transient recorder

Accuracy . 10 bits

Clock rate * 50 ns

SQUARED ERROR

1 ] ]
\] 1 2 3

RANGE {km)

B 2 ErAEWIH NO: DIAL 3 A7 A BT AL 05k
Fig. 2  Estimation of errors in the NIES NO: DIAL system



HHRMEL

DEDRBEL DTz 7o/ VOEEEN b expl—a A ] DB THESAL LD EFELTY
o LALHCHBREOAI=0DEB T gy b4 XL EDT 2 ¥ ABTOEIICIEE
ENKGDD 5 XDF %ﬁaiﬂfmaTﬁﬁﬁﬁéﬁmmmm1W4mek&mmmmlwl
1983)0 £ 2T, KBV —H—L—¥—DOF -7 IZ00C, AFOHTHPIERE % B 5 Ehe
YPOlOME LR EFRNT, Y ay b4 XL EREIIS v A ALBEEOKRESLETEL Y,
CNEAM= 0B LREDREELDER LA LNLNEVDLXORIDAE SOHE S
Tiofze ZORRI0pps DL —F— % BVT DIAL MIEE1T I B4, KROBEVD L EES0-8
EORKESBRECRHL o ThH, BREBOF— 5 THS5 X1075, BUEOBS TS5 X107 18
BEUTFTHHEVIRRERA, LA o0, BB~ ERIIARE LB imn s Bhbnd,

EIML A HRFFLFT NO2 DIAL T Ll EDFEIZIET WV Tllpps DL — ¥~ R H T )82 L4
FHWTWw

4 BbU

LTI 7 0 VR ORMZESR I L & U5 DIAL B OBRZOFMEIZ oW Thit~7z,
EBEDI AT LAOBRFICBWTEEL I LIE, 7O VBFEORBBERNIC L 22884 Sy b
AR, BENRETEELREL TEOBEORESTH AP 2FMT A ETHE, vhb
L, ZTOVAOEMICL 5BER g v P A ZHEERBELTHAS B L2 HEDN
EORRBERLRETIETSTHE, RBIRICLY, YAG L—F-BEAFEL —F— kL
T % NO flE H DIAL ¥4 d10pps DL~ H— 2 ZHIZD N BEZ A HETHFTHDL I EATRS
ze UL, flAdd - ERERNHOL —F—LRKOFOZHERE L H 5 DIAL D4,
HELVREABESRNEROBRELELYATFLADY gy M4 ARG L AMCH HBEITET

TOVNVIRERH P RRORBIEOD L ESIG L TLVBLVWIENTLEE 25,

FLUEBIILERE-BERDFA V- EF2ACERTHLOT, KECKETIHRETRL
ZEL Ty, AL ENEBR TPV IEE T O L 5 22 7 O VLV OBEERO EEET
BEALNLRWEZEZ LGNS, LW TNO: DMETRIOILEFELE{TRVEZELL
nh, Lal, 5B DIAL ME THREEBRROBREKFHIEETH D, i, RIMEET
Br7o VA oEEGRESER P EFTIBELR O ENREII L - TEY, $2,
Menyuk & Killinger (1981, 1983) DEBTLERIEGF T A2EISBEEZICR LR TV 5,

—H, EAFIRD 03 DIE TR TV LOEMSH L DAL 5825 Browell & (1985) 12 % »
THERESNTwb, EHEEO 0, OUETHAHVZ 2EEORREMBALENOT, 2HEICS
EI-EELE LA ) —HELOEA PRV RE L, SORHIT O LORERIROZEM % 54
AERICHEFL, THhCE > CREDOEISEENE LS, Browell b A, oFohbTTO Y
NFa7 s ANERWTIOREEZWET2FELHEL, BORRERTVL, NO 2 EDllE
TR ZEEDEEINECDOT I OREGEBIBRTELLER LML,




T AV LSRERE SRR — - L — ¥ - OFE

5 A X W

Browell, E.V., S. Ismail and T. Shipley (1985) : Uliraviolet DIAL measurements of Os profiles in
regions of spatially inhomogeneous aerosols. Appl. Opt., 24, 2827-2836.

Menyuk, N. and D.K. Killinger (1981) : Temporal correlation measurements of pulsed dual CO:
lidar returns. Opt. Lett., 6,301-303.

Menyuk, N. and D.K. Killinger {1983) : Assesment of relative error sources in [R DIAL measure-
ment accuracy. Appl. Opt., 22,2690-2698.

Schotland, R.M. (1974) : Errors in the lidar measuremeni of atmospheric gases by differential
absorption. J. Appl. Meteor., 13, 71-77.

KW - ATAESS - DL - AA R - ARdE—IY - BRESRCK (1982) RIS E R ERHI A
L= — b — ¥ —OfRE L RE. EAEHIRERIT MY, #HME, 61-81.

Shimizu, H., Y. Sasano, H. Nakane, N. Sugimoto, I. Matsui and N. Takeuchi (1985) : Large
scale laser radar for measuring aerosel distribution over a wide area. Appl. Opt., 24,
617-626.

AR - NER(1985) T EZESFRIL —F— L — F - Ol E AT 5 EEBRIIE. B aE
BrsEEritoestss, 55775, 101-116.

Sugimoto,N., 1.Matsui, H.Shimizu and N.Takeuchi (1985) : Experimental estimation of the error
due to the fluctuation of aerasol backscattering in DIAL measurements. First International
DIAL Data Collection and Analysis Workshop, Virginia Beach, USA.



B A EMRAEHRE 851075 (R-107-'87)
Res. Rep. Natl. Inst. Environ. Stud., Jpn., No. 107, 1987.

=
|

4 HENIA—SE—FELLLED
L—%—L—4-—HEABORE
Error Caused by Using a Constant Extinction/Backscattering Ratio

in the Laser Radar Solution
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Abstract

The Bernoulli solution of the laser radar equation with the assumption of a constant
extinction/backscattering ratio can lead to errors in the derived aerosol extinction and
backscattering profiles. This paper presents a general theoretical analysis of the errors that
result from differences between the assumed and actual extinction/backscattering ratio pro-
files. Examples of the influence of the constant extinction/backsecatiering ratio assumption

on the laser-radar derived aerosol extinction profile are presented for various laser
wavelengths.
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Boundary conditions were correctly given at 1500m, and the backward integration was applied,




L= — L= ¥ = ENBOREL 15 4 - 5 KFEH

HOWEL T A — 7 OERIBTOCED S TS, 22T, FHE S MR B IEEEI000m OHE
HOEHE GBI R T v, 4B 2A, 270/ LORNEFVIERET S,
HFNE S+ HIE b, BREMECNHEL T fEMESE, t70vL, 285
TOWHEREOXE SR, BE/ ST A -y OHILKTET 2,

— A AIKIRO L LT HE/ T A -y 2 EHOMBE LTHo LOMAEZ L EERTIER VY,
LA L, #l2id, Salemink & (1984) A5R L7z & 95 RHEL/ YT A — ¥ OHGTREERTEEO L 5 &
TASNE =L a v PR THLLOE, (71 (8)RTHZLNL L) REINHEN L DL B,
ok E, HEEREREOKPEIEED D VL DIAL I X BAZER, [UROIEL EH 5%k
HI LD Y. 1, HMEEKFR L ULEROFROH LI EAT, 5HBO—BOBEIW
L3 (N

B, FHEIEZOVED (FEH) A - L FFI o P REERMAEL LT, NASA 724
L —RFSE o E R i ER L b D Th B,

5 B X B

Braun, C. (1985} : General formula for the errors in aerosol properties determined from lidar
measurements at a single wavelength. Appt. Opt., 24, 925-927.

Collis, R.T.H. and P.B. Russell {1976) : Lidar measurement of particles and gases by elastic back-
scattering and differential absorption. Ir : Laser Monitoring of the Atmosphere, (E4) D. Hink-
ley, (Springer-Verlag), New York. 110-117.

Fernald, F.G. (1984) : Analysis of atmospheric lidar observations : Some comments. Appl. Opt.,

23,652-653.

Klett, J.D. {1981) : Stable analytical inversion solution processing lidar returns. Appl. Opt., 20,
211-220.

Klett, ].D. (1985) : Lidar inversion with variable extinction / backscatter ratios. Appl. Opt., 24,
1638-1643.

Salemink, H., P. Schotanus and J.B.Bergwerfl (1984) : Quantitative lidar at 532 nm for vertical
extinction profiles and the the effect of relative humidity. Appl. Phys., B34, 187-189.



E ATy #1075 (R-107-'87)
Res. Rep. Natl. [nst. Environ. Stud., Jpn., No. 107, 1987.

I-5 SHEEL—YVY—-L-—-4—Il&3T70YVIHKESH ’r?ﬁ']
BT ABE I aL— 3>

Numerical Simulation on Measurement of Size Distribution of

Aerosols by Multi-wavelength Laser Radar
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Abstract

The feasibility of deriving aerosol size distribution from aerosol volume extinction and
backscattering coefficient measurements by multi-wavelength laser radar is numerically in-
verstigated. The present study employs the martix inversion with the first order B-spline
as basis function to approximate aerosol size distribution: this function gives better approx-
imation of the size distribution than the conventional histograms., The four wavelengths,
0.347, 0.532, 0.694, and 1.064 gm, are used in the simulation. The results of the numerical
simulations show, 1)the effects of round-off errors in the numerical calculation is negligi-
ble and approximation errors of the size distribution by B-spline function is small, 2)the
reconstruction errors of size distributions at their peaks are about twice as large as the re-
lative measurement errors when the Lagrange multipliers. which express the degree of
smoothing the size distribution, are suitably chosen, 3 )the variation in the complex refrac-
tive indices of aerosols due to humidity change does not produce large errors in the size
distributions. The identification of aerosol types using muiti-wavelength laser radar is use-
ful for determination of the Lagrange multipliers and estimation of the complex refractive
indices of aerosols,
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TH MR, ARETEGRR S B L THEE LR, T e {eb L3 ELRET
HHEERRBALTYAETH L, §iFd, L—¥—L ¥ -0tk uni s8N e FETHD
B, BEIZ2WT, —#RICHVY SR T BEE:, § 7% b5 iRk (inversion method, #l 2 i& Shaw,
1979 ; King, 1982) & B L7, $HIZENAHETH A 2T L v, KEEHEE Twomey (1977) %
DT L W BESEENCERE IR TE D, IR LTHRORARESAIII TS AL -7
YIDOBEN—DODNTA=F (T T DRETR) TR LN TELEVIFEER ST
Wi,

F 2T, KT, R s R ETIEURROWE LRI ES0A R, RiEEE R
WTEZTOV ORI EROLFHC VTR I 2L —Y s ¥ 34T o/, TOREYI A
L—iavOBEt B LCHRORANESTORESLLLTERYHALMITEIETH D,
FELBREERE LTI,
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3. L7 NOBERIHEOAFEEMSE
FELONL, THALOMEFERNOEEOKE S THLN T B2OICATETIEAD L ) i
Yialb—SarEfTat. 2F, AOZTOVNOKESFF5 4, Mie HAELERIZ L - THIK
EOHSeH F e REEREHE TS, FLT, ThoDF—F o RiREE v THiEs
A%k, BLOMBIRA & L CaE Rk, FORND, MlERETNTs s, RUHER
RIS 5252 81080, TNLOMERROER LW,

M TRAVERERICOWT, B3MTEREY 2 2L -2 a »OFBEIIOWTHRN, F4
B 32— Y ORRFEICLT, RRTHW A REEOBEERIIDWTHEY
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2 REx(inversion) DFHi&
WA ORIIHT LT O/ NORRR e, FEERITHELRE S, &
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@ (R) = [ n P Qulm, 2 xr/ A )nlndr (1)

ﬁ;(R):j;m:rrgQB(m, 2/ A)nlrdr (2)

TEHREND, JIC, rid T 70U NORE, Q REHAERT, Q B RADEET, m
RAFDEERBIE, n(3LEr 2o r+dr OMICH DTV L OERTIETH A,
KA, MMEER () 21 Cill%, REMER, SRERICL - TRTLPITED,
2T, A1), (2)%%|L, —RELTHEETL -

g= [ e, Ao m)f(x)dx (3)
DO ABRAI 2D, 22T, gldad38%%L, «id
r=lnr (4)

THhbhHo T, WED f(x) O x KA 013 PR {inversion) #RABIFTH 5 (Yamamoto
& Tanaka, 1969), EMEOKATT OV VORESH L LIE LiSED~<E R,

n(x)=%=Cr_ﬁ {5)

TRENS, BHEL =3 ENDA T OEAITIIEEEE L r°, KEREEE L
BREBEIZERICE o LAHoT, f0)& LTIMERERETE LR v 5 0458 ¢
Hb,

DAL, BB E ARSI,

K. A, m):f;g,_(m, 2xe/A), (L=E ¥7:14B) (6)

S lx) 3 r(x) (7)

n(x)=dN/d In r

ELB, NELTO U LOLEETHD,

X {3) i Fredholm DE—HRTHEXTH Y, —RROLEIEREELL Vv, 0%, Hush
BREEN(3) ML L 2 AR L DR ETH 2, SHLOBETIE, REM (k)
RO LS IR T A,

fE=258G+ e () (8)




TT O LRE R ORES A b= a o

T, B G EHESFOEBI AV ABENETS Y, & FHORBIIET EATH S,
T, ) BBIILIC L 2RETH L, BEEHS (0OR, EFAEEERMT—Elt s
BHThy, lidEl (@) ok 32, G)OX)IEMT 5, LiL, B () % BREBIE (roof
function) T % 61, B 1 ()ITRT & HIZf (0 SEAIFIAEL SR, MIILORE () *
EOASCTHIENTEL, WHRBOKRD, BWHRBIKDB-AT 74 (TH - FEK, 1979) %
WRCBI L 5 Ll D, AR TE, MESH ILEMRBRTEMT <& TH 5 L) 7l
2o LRDERLENZB- R 754 Y HEHRE LTHVZ, 554, WREEOENS
BRI 2RR3RDB-A 774 w2 HEHEBIZE LI ELWHETH L, B () 2 RAEMIIE L &,

Bix)=0 (x<x,—_1)

B =1-—""— (5 ,<s<x)

i —X—1
{9)

Bf(x)= 1 ﬁ% (xj<x<x,-+1)

Bj (x): 0 (I>x}+])
CHODRE VL ER(3) D1 FEHDBIEM g, 11

G=2A gL 10)
TREND, € GBI L > TEFTHRELMERLZOMTH Y, A, i

Aijz.f-xf-i-'K(x, A m)B,- (x)}dx a1

Th b,
RO OHETHERX T 00 TR ZENTENGE, BEHENICERESH L KD S 45T
&%, ZOHRiL, FAVIFRTIE

g=Aft € (12)

Lhh, I Tgidg WERETBIIAY b GUEENS FA), AR A, FEXET S, f
RfEBRETHHNZ PV, e el v BREBTHENS P THE,

K12} 3BT DIREG A HOREEIC L 5 TR S E DT ALY, Ba e TEORNL,
AT, B2 26 RARIEOTT 2 BEGH RN V) WRER, F2bb, BELTES
NHHEZHAR RO D LIRER L) & ERA LR (Phillips, 1962 ; Twomey, 1977) o
FNE, KALT O/ N ORESREEL D RMETHL &L L5 NDOTHEREAEEORE
AHEELTOEDEThS, COHEREHE, By ML fE,
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Fig. 1  Approximation of aeroso} size distribution (a) using the O-order (b) and the

1st order {c) B-spline as basis functions

F=ATaA+rH)"'ATg (13)
Ehb, LT, MESH AL, oy
Fa)=2f8,() (14)
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Ehd, 3, YUEOWBLIER2ERTT VI Vi hEERT, RN OE-—1Fho ATA LY
H OB ADERATA L — 2 r O R % HRT B, YAUNSTEL LRIAER L, K&TX
BLEAL=—V T ETLE S, ATA LY H OHIEm G KA EIE S,

Y =7 {I(ATA) )Y, (Yo=1073, 1072, ---10% (15)
1

FHWTHET (Tanaka 5, 1582),
Y DFROFEHED -2, WL g &AL O £ 5 BHERE L 22 BE ¢ 0%, +4bbike
N7 b e

e=(g—g) = (g—Af) (16)
Whib, IThEHw,
O1=e’S e - an

PEET Do SEMEM g OOHo ] LA el 2R L T AROMTHIT, BRECHBO LW
Elo,;=0, ixj)iciE, @i,

Q=32 (¥ ol (18)
EL D, BN - 2 AP EOBE, Twomey (197701, 7 25,
Q=P (19)

Tl THECSLOPFEYTHDL L, 2, QAP INEANIIAZIVIESITE, BRICFE
LORWIRBIPHE L B2 2T LA, $72, TRD 7Y oW TiRELL OEN 2 SN TES, L
L, EOWMIIROGEVHRESAAYE, HRHWIREENL LG 26D TRE L, MESELR
ERN L EB L TRSLEND S (King, 1982),

3 BfEIalL—-YarOFE

FA3) L DB ORLRBESHIINT ARBEHE L OB B8, AHOMEIMIESRTED

BHERFE), MESH LIRSS HR08E, MEBE,LE L LEE, 70/ OBWERR

EORWEEMD O A U AMERRIT L7000, Bl I 2l —2 3 v 270 FOEIF,

1) L—H—E (A, 0.347, 0.694, 0.532, 1.064 pm), WMERHEm  2HERIZIBEVT—
ETHDERET ) LHOMBM ) %52, (1), (2)&DiHskifike, HR%RNR
EAEE B, ko B,

2) SATKENMOEMH, L-F L ¥ 0, WRERBFELADIRALTA,; 275
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3) WEARAEECHMRHE HRE TSRS, Bl 2ROL S b,

a;=a . (1+c¢€) (20)
Bi=8:(1+¢) (21)

L, e, Fifla=0, BREE0 =ITREOHBMEo, 254, ABNSERCRE
SHIEHMTH 5,
4) a; B EMERTHEm THAV, 107727 <10° ORBET n? PEMBIC A L9 10E 51
HED Y 22w TEER T, WEDA ) 2RO 5,
3) ) DB OBEIRRIOER Y L ORERE T, 2T, 10080 E L,
% BEAEFT R, BEUAEWENOKBENEE HITAC-280i0 & o TITV, 1 RETHBROK
A 472 5T, HITACEBEHE Y0754 5475 ) -MSLIOXDLF IM(F 7 X&) % M

Wiz,

4 REZOREZER

AT Y LA REEOBRAERICOWTRE T 5, 33810, #sEMc b MIBH=

VIMAETFILVWHEOMONE, Thbb, Bl EOREAEH S NTE CARESCRES
HEITRBAMNA S5 I LIS L 2REORBEII VT, 70, MEBREILL S THELLHOM
E, B, HEBIEREORMEEHIZL s TE L BEE >V THET 5,

4.1 BEFARLOREBEVNEATOFIEELICE > TELC IBOBRE

W EPHABITRICEE L ST LV HECS, BE U THONAREITIC N U2 TEE
Hidd b, THREMEIE LOBRERUHESN L EROLEE, FIAITRRIZL - GElT 2
SERIBBETHD. NOLOFHLTRIET L0, ADSHY,

0, 1= 15, OF A=2xg
C(I_IO)/(M,—I()). X0 <X x4
f(x) = (22)

Clag—x)/ (x9—x5), 15=x<xq

C; X4 <x<x5

TRENLHEEL2VT Y I2ab—Yarkffaf, 2IC C=100"Thh, ,i=0~9)ik
z7avLOFEy OBRE R Inr T bo WARDHILERRM [ro, 1) TEHE L 7275, 1=0.03 xm,
=3 pgm& LIz, Thid, S HEAOMBEE(E2) 8SFELEYHOHEE LTREL A
Z #1iL Heintzenberg 5 {1981) #7 ratio criterion W K » THRE L7-8M & 13T LT 5, 7,
8 ~xs 1 Croy o] ZX B L CHEMRBIZOHTLETH L,

fBtd, —RDB-A774 rO—REETREND, FAHEM (K (22) 3—~KkDB-2 75
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Fig. 2 Wavelength dependence of kernel function
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TEHTED, Y1073 2510° FCEILER, BRLHOKBENISEVHES LD LD LR
Lize $hbb, MBS L HONESH L OMOBEREAS?,

AFE=S (—)Y 357 (23)

DRI B LI, Y 2 BAL, BERAHEEIY § OBBE T - 2.

Y3ialb—va YORKREREI @IIRLZ, SRAHEORBEMMEWRT, 1 /3—-YarT
FONIREREERICL o TRLASY, BHEIDSIVADIIHO L TREEI—8 L, 2Ok
i, BIEHH EDOBREDBEAVNS VI EERTEREK, B/ v 38— Y a vk LT
BLEBbDTHEIELT LT WD,

KIS, REMHEITRBEOT AL L 2BEOEREEID LD, —RDB-2T T A
YTRECLVRESMISH LTI I a b3 a V5T o/, HORESME LT, HHEERTR
THEEBGH TR IS L O BHERERRTER L L0,

160 =40 2 e - ()Y 2] (24)

TV, 22T, N=5X100m78 o =10g(1.6), r.=0.08um & L7z, Shid, HEET 7O
N DRAESH (Hofmann & Rosen, 1983) # Mg LA WBSHTH L,
Izl —3 a YORBEER 3 (DR L. ME LTESNRE04 (EE) d—RDB-27
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TA YL > TAMTEZ2EHET, HONESHTREHL TV,
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AL ARMENREOHRICRE LB LG0T L L, NEECBEBITECEED
HCHSIIEAIRIL B TR LA REEGRF R ERLY 52 5,

4. 2 MERECL-TEUIBORE

T BAERENEBORESES 7y 7 v V2 REERY L L o THBER TV D, ¥ AVS
SHMELEELE, DTPONERENSEEINRT, BIESHT LA BORELBESEL D
(Phillips, 1962), ¥ 27K & T X¥BHEI24E, WERECL AMOBEINS 2 5 h o h, HES
WAL= T2 7Hhdrd L) BRORRGLEENE LD, LEdaT, IESEnBErat
LIRS THOESDE EE@#E?%&HM%@fﬂ@ﬁ%‘t:ounfﬁ%?‘édz‘%ﬁ
BHho TN o T, BEORMESAVBATLVIEES DY OBRFELHARTDL 2 LATREIL 5,

FITC, SEIDRLAFEIILY, AEMEORHEEL 1%, 5%, 10%ICHELTT ¥ ¥Falr
RAERRESHLND, 7o 2107 20107 3 TELE L TR, RURORESH 25 OTNAS,
(R (231 2 RDIe 13TV ARBEEBGHELTHONZDT, JhODERfiE E6DE of
ko, FEIRE, R(12) D@ OFHEQ RRIHE L, EORESHIIR(22) TKEINE
atoafis L, WEERFEL]L.50-0.02i L/,

b, v OFEIRIZH/ 5T, King(1982), Tanaka % (1982), Miller & Quenzel (1985) & {2 fii%
DHORELFTNTETHLEVIMEEBFER LA, KR TRIORGEEHVWED2 -7,
F OB, HORNEMIAVNE ST & HHEIIBVTE, NERZO-OURSAOIHY L 2
BEPHHI LA THRLI L TREVWDLTHDL, #IC, YERE{TAHIEIZL - THESA
PROBL 2B E2MRT 24251, HEMHEECRAREAL-JV Vet L T 3880
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Fig. 4 7 -dependence of the results of inversion with relative measurement errors of
5%
The solid line and dotted line in {a) express Q1 and Af of the size distribution as solutions,

respectively, The dotted line and the sclid line in {b) indicate the real size distribution and
the range of scattering of solutions,
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Fig. 5 7Y -dependence of the results of inversion with retative measurement errors of
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The solid line and dotted line in (a) express Q1 and Af of the size distributions as sclutions,
respectively. The dotted line and the soiid in {b) indicate the real size distribution and the

range of scattering of solutions.
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Fig. 6 7 -dependence of the results of inversion with relative measurement errors of
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The sclid line and dotted line in (a) express 1 and A f of the size distributions as soiutions,
respectively. The dotted line and the solid line in (b) indicate the real size distribution and
the range of scattering of solutions.
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# 1 HEGHOBEOIEERLERYT 77 v V2 RES RO T 2 KGH
Table 1 Dependence of the errors in size distributions on the measurement errors

and Lagrange multiplilers

4 HERR % Yo DIl HESHOV — 2 128585 (%)

1% 0.036 - 15+ 1.8
7 a 5% 0.192 — 33+ 76
10% 0.586 — 7.0 +12.1
1% 0.052 - 1.9+ 1.8
Y 5% 0.404 — 6.1 £ 6.7
10% 0.850 - 9.2 + 10.9
1% 0.132 - 33+ 1.8
Ye 5% 1.023 —-11.1 + 5.2
10% 4.534 —-19.2 + 5.6

WA 8 A4 TOREFTIZOWTHLP T ARG, KEF -y OMITIBELTRL% Y 252

ALLRAEETH D, Thbb,

1) SR R ERICOWTHE EBBO ¥ 3 2 L= a ¥ 217V, %y £ AV He i
B ERRH R AR DBE o, ERELTHRORAMESFH OIS DX o/ D
HERkDTH

2) BT — 5o B L > THEMI A RO D, TOLE, YEEILFOBRUEOES
DELEHBTD, LT, 1) TEDHLa, Lol OFFEROTHEED Y ¥ RET 5,

EVSHETH B,

L, o4 b ol OBRRIREIIKTETLLELONL, LIzHoT, HBihy (4 7OL
TRV AL, BHAETOITUVL, REEAT, FEOIT7TI VL, BiEEEOLY O
Vb, RO T O, BEBET O SVE) RN ESAIC oW T e, Lol OERE
KOTELENDHD, LT, EF-FORFICEBLT, HAXEriTwan7a sy Lo
A TE, LTS NVREREOME, BN - BRAS0RET -5, WEBES,roHETL LI
L oT, ERONERHIA Lizo, Lol DBFEHV A, 22T, FHERL ~HF— L — ¥ —DF—
FEBTL T T OO F A 7 EEF 54k (Sasano & Browell, 1986) #fFH+ 4% 51X, <
FOIINOY A TOREL LVBELLDIITLI LN TE S,

COLAHETHETMIZE LY 25258 30105, ¥ ORIEIIN T ANETHAOELORE
BRPWHIE, BELTHONREBESAEDEY OBRICACWARESTE —HT 20 B HR
FTLIEHBEETHD,
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4. 4 BEBHEOFEEMICLS, BELTHESNIRNEINORE

L7 aAOEERTERT 7OV OfLEME L QO WK (G, B, SRS IKF
Th, FLT, Zhb2EATHI EARURESEIL, BEMEL LTHWEIT OV VDR,
BECASEMENLHETAI LIl h b, i, 27O/ VOBERBINEICNT 2EEOEEBIC
BT, KT —F 72O — ¥ EFHCTHEELFEA S STy 5 (Takamura 5, 1984),

E2UR—-F -2 720 A— ¥ FAOTNETITHAA2B0BOLT 0V OEFEBITEOED
BREPHEEOBMBEYL LURLADOTH A, HBEAHMT 5 & RERINROLUE, B
AT A, THET 7OV AR OKm=1.33-0.01) OFEIHINT A & ELTHEER
BT E B,

£ 2 ETHE-I—F70A—FERVTHEShW L7 0 /L olERT
FOFAHRE S B KFEY: (Takamura B, 1984)
RH IHAEMRE TS N, RO GHHEEDE 7 L — FTHTOTEM, [cases| ZWEF—F
B o0 R KR ENTREERFEOCEEN - EEETHE

Table 2 The dependence of the complex refractive indices on the relative humidities
measured using polar nephelometer in Sendai.

RH and RH indicate the relalive humidities and their mean values for each humidity
groups, "cases” shows the number of measurements, » and & the real and imaginary parts
. of the refractive and indices of aerosols.

RH RH cases 1 .k
0 — 04 0.32 29 1.578 0.032
0.4 0.5 0.45 36 1.540 0.025
0.6 — 0.6 0.54 37 1.527 0.020
0.6 0.7 0.65 44 1.514.  0.018
0.7 — 0.8 0,74 36 1.493 0.012
0.8 — 0.9 0.85 41 1.471 0.010
0.9 - 1,0 0.93 27 1.453 0.0091

FiTa A R R R O A BERIIEOM, THELSTICEVT, FORMEENRIIELE T
AL LTELALNETAOBRELFIML 2. 7 I 3EERIROLLOML.50-0.020 (2
LT, FOERMEEE £0.05, BHHE 001 {LE3¢, WE L THOADREFHIINT B
HERLELDThD, m=1.45—0.01 KT m=1.55—0.03 OBEIIEMEHEONEM = R <
BHLTWLDD, m=1.45—0.03i K Fm=1.55—0.01i DI FIREAIFF 2BV, TOi
DR, ChHEORHEBEOERNERT, Thbb, HEBITROFELE L EEEAH 70
CHRT S &) LEAEORAICERE LTS hARESTH ISR & RfER A Uk v BERIEITE
DERI & RS OMEASE HE TSI ESAOBRMEERE G, LT, BEL
THE SNSRI, HABREORMR T 2R OENEA 7w 2 LI X BEFERFHOR
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Fig. 7 Changes of solutions with the complex refractive indices of aerosols

Doited lines indicate real size distributions and solid lines are those given as solutions,
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Abstract

The chemical compounds in the suspended particles and gases were continuously deter-
mined at the various heights of the Meteorological Observation Tower of Meteorological Re-
search Institute in various seasons. The coneentration of the suspended particles near the
ground was found to be influenced by the atmospheric stability, which imposed major effect
on the seasonal variation of the concentration of the suspended particles. [t was found to be
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useful to know the vertical distribution of the chemical compounds of the suspended parti-
cles for elucidation of sources of them. Discussions were done on their sources and the
meteorological conditions to explain the typical distributions.
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Table 1 Percentage contribution to total suspended particles from each main compo-
nent calculated with CMB method

Sampling Stage Soil Marine Iron-and Refuse Fuel oil Gssoline
Period 2 aerosols  steel ind, incineration combution automobile
Dec.13 1m 9.6 0.5 1.7 3.4 1.6 1.6
§ 62m 10.3 1.1 2.0 3.6 2.3 1.6
26, 125m 8.3 1,7 2.5 4.6 2.0 0.4
1983 175m 13.2 2.3 2.6 3.0 2.1 1.9
May 30 Im 15.3 7.1 1.1 1.0 1.8 0.5
! 62m 10.3 8.3 1.0 2.3 1.4 4.0
June 11, 125m 16.8 7.9 1.3 1.5 1.7 0.3
1984 175m 10.7 10.2 1.4 1.3 1.6 0.3
Oct.22 1m 10.6 1.5 1.2 3.6 1.1 0.4
J 62m 12.0 1.9 1.5 4.2 1.4 0.4
31, 125m 12.0 4.3 2.9 2.6 1.5 0.8
1984 175m 11.3 4.7 2.9 2.1 1.4 0.9
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Table 2 Mass contribution (ngm_s) of chroride from each source, and observation
height and period

Contributions from compenents (ngm "} Total conc. {ngm™3)
Sampling  Stage Soil Marine  lron-and Refuse Fuel oil Gssoline  Predicted Observed
Period aerpsols  steel ind. incineration combution automobile
Dec.12 1m 0 113 25 407 1 548 3400
§ 62m 0 181 21 357 1 1 561 2400
26, 125m 0 251 23 290 1 1 566 1800
1983 175m 0 289 20 186 0 1 496 1300
May 30 1m 0 977 9 68 0 0 1054 440
f 62m 0 1051 8 143 0 0 1202 480
June 11, 125m 0 957 10 89 0 0 1056 500
1984 175m 0 1179 10 74 0 0 1263 500
Oct.22 1m 0 350 18 421 0 0 789 1400
{ f2m 0 463 23 504 4 0 99¢ 923
31, 125m 0 844 35 254 0 1 1134 410
1984 175m 0 893 34 194 0 1 1121 470
Cl
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Fig.11 Particle size distribution of chloride in the suspended particles collected at
Im during 1982

Solid line with open circles shows the percent distributton in the smallest particles (<1.6 gzm),
The dotted line with solid civeles shows that of the larger particles(>18 pm}).
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Table 3 Correlation coefficients among the concentration of ozone at three sampling

heights
Sampling Period Sampling Period
Oct. 22 ~ 31, 1984 July 15 — 24, 1985
03 87m O3 175m 03 91m O3 195m
0a Om  0.429 G.380 Os Om  0.954 0.950
O3 B7m 0.797 0s 91m 0.973
, Y= .733519 X+ 3.74516
A= ,949406

03 Om

12 #MRAGEOF > L LRE195m O+ v > & O (19859E74)
Fig.12 Correlation between ozone at 1m and 195m during July 14-24. 1985
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Fig.13 Correlation between ozone at 1m and 175m during October 22-31, 1984
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Enhancement of Laser Radar Images Based on Optimization of

a Generalized Histogram Entropy
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Abstract

The image enhancement problem is formulated as an optimization of generalized en-
tropy of the histogram of an image relative to a class of piecewise linear transformations.
The present method is a generalization of the previous method of optimization based on the
histogram entropy criterion proposed by the authors. A criterion of an entropy type is in-
troduced in which a desirable histogram of a general shape is assumed so that the histo-
gram of an image should be adapted to the desirable one. Moreover the present criterion is
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proved to be an almost unique choice in a class of criteria which have the form of entropy
of various frnctions defined on the histogram for the purpese of the image enhancement by
the piecewise linear histogram transformations. Several images by a laser radar are proces-
sed: results by the present method with a hyperbolic histegram which is assumed in the
criterion and those by the previous method of the maximization of histogram entropy are
compared.
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Fig. 1 Relation between the desired histogram f; and a compensating histogram m;
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Fig. 3  Histogram of the original signals of the image in Fig. 2 when they are quan-
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Fig. 6  The result of max H, (¢} withce €4, applied to the original image in Fig, 2
The histogram f is defined by (3)
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Abstract

Proposed a classification method effective to discriminate the several areas from re-
motely sensed data whose spectral features of the data are similar one another, such as the
classification of the vegetation.

This method is one of the supervised classification methods using parallelepiped classi-
fier, and the thresholds are selected exploratory by the analyst.

The thresholds may be reselected when the classified results are not suitable.

The easily classifiable pixels are discriminated by using a single band data at first,
and the remains are discriminated by using multiband data.

The unclassified pixels may be reasonably remaind in the results by the method pro-
posed here.

Multiband data obtained by aircraft over the vegetative hill area in September (before
defoliation) were classified by the method into three categories: evergreen tree, deciduous
tree, and shadow. And the results were similar to the pattern in the aerial photograph
obtained in December (after defoliation).

1. ESAEME REFHRE 7305 FEVLFUE IR AT R 165 2
Environmental Information Division, the National Institute for Environmental Studies. Yatabe-machi, Tsuku-
ba, Tbaraki 305, Japan.
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Fig. 1 Box-and-whisker display of the distribution of the single band data
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[ 2 S OMETE (98, )
Fig. 2  Aerial photograph of the classification area
(September, before defoliation)

K 3 GEaRESoOMETE (120, FiER)
Fig. 3  Aerial photograph of the classification area
(December, after defoliation)

B 4 SHOMSET— 5035 FERmig
(F :B.3, #:B.4, RIB.E
TRA(H# 1 ~#10, =) 7HELAF T — &
OPERILE 6 B O

Fig. 4  Real color display of the data

(Blue : B. 3, Green:B. 4, Red : B. 7}, and selected
training areas #1~#10 (cf. Fig. 6)
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Fig. 5 Box-and-whisker display of the data in B.1 for each training area
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Fig. § Example of the box-and-whisker display for each training area, and the deci-
sion of the thresholds (L1, L2) in B.11
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Fig. 7 Example of the scattergram of the data in the Training Areas (B8 and B.11),
and the decision of the thresholds
(1 : Deciduous tree, 2 : Evergreen tree, 3 : Shadow, O, X, % : Overlapped data among the
different categories)
{a) Scattergram of all of the training data

{(b) Unclassified training data after STEP 1, and the example of the thresholds (L3. L4}
{¢) Scattergram of the unclassified training data after STEP 2
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BREANZEFEOEEERT, MODOHD LEOKEN TRA OBERY, FTEROMTESUBEOLE
HiCBUAEER T T.

L

8 STEP1 iIBITASERE
B B, RIKE DHEE, 8RR EEN, Be kSR W ETEREES
Fig. 8  Classification result after STEP 1

White : Shadow, Light-gray : Evergreen tree, Dark-gray : Deciduous tree, Black : Unclassified,
™ : Steel tower of the power-Lransmission line.

9 STEP1 BUFSTEP 2 2L 20HHER
B o Be, IR R, BKE D EEE, DA ckO0E T SERRAER
Fig. 9 Classification result after STEP 1 and STEP 2

White : Shadow, Light-gray : Evergreen tree, Dark-gray : Deciduous tree, Black : Unclassi-
fied, w4 : Steel tower of the power.transmission line.
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Fig.10 Diagram of the calssification algorithm used here to the data shown in Fig.2
and Fig.4
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Table 1  Classification results (pixels) for training area by using the multi-level
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HF ) — SR (EER
_ | SEFER | KRS EEE | B | E£9%
% 154 9 25
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K 168 1 9
w 2 238 37
% 277
3 254 20
54
fx| 145 o
54 9]
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Table 2  Classificaiton results (%) for training area by using the multi-level
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% 82 5 13
188
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% 277
1 92 7
37 63
B 145
37 63

LEO%T : STEP1 2 TOER
TEROXTE  STEP2 1 TOER

—130—



EHHBEIZ L B MSS F— ¥ OFRRW L FEE

ERAOY 2 CHBERES T ol CHLHORIZEBVWT, FEB T HEMIOBE Lo IEE
(19%), HFERTEREIZGEUALODNEE(6 %), BELHRBHISE L 24 D54\ HE (37%)
Hot BIES &b EFRBIEEEPOVTNST, HEORWVWEOIS T DM b 5 HIEE
BMEETHELEZ N, HEEROBOEMCBVWTIRNE?2, EIAS005 L5 08880
AEEHL DBV, Lt T, BTHREHIIAE SR LOFSHOREFLLTH L VEEL
b, B, TOL)LMEEFRELLZI LY, HEMTEICHZHTHERHEE LTRSS
BENAmBRAE LA LIIHETALENS S,

4 BhyiC

FFHETIE, TRA DEELHBEOBRE L ABAHKL TITY. LA -T, BEEHDH TRA R
BRI %2 & IS R RAK E (BT A TEMENH D, LA L, ThEEFEOFRETLHD,
FHEAT 5 B OBGERL I AR S FUs HER R S s,

i, e YETEHAHICE o T TRA OB EMBEOREORT2EBIHETE L7120,
MORE ST L TRA RHEOEEE, HH2WIESRIIANL Y FOREEFhHOFHIA
FEORELFUERTHEL, T4hbh, EROEOHTFT) —IZEOREOEMENGT TS,
PRHRAEBICIAHTH S L) 2EROEHPELEE GRL Y, FFEEMEORE LT VT
ALDREERIIBWT, SHETHIBEESNEOBREORME L EUERSBOLL 2T ET
BIENTEALEWIRALNS S,

AFEICBILTHH L, BELS TRA LGS B4 567 -4 20T 2L TH A,
Lz T, RoEONERRESOFETHERTHEET L 5, LdL, RpEEEOXE 21,
BETSH TRA RPHBEOREHE, Hladhes 1y V¥, SE2TIZOBHICEREL, HED
EETH L,

REEETF - FOFHIEERE TN EREST, 7 7L TR LTI 20, &
FIOTHE O LI, F- ¥ HERTEMICEL LR EE TR T HECOALTWAE LS
PRI L THFRCHEDTHL L EL GRS,

AFETR, B—Y FCORMe Y# R EZ20/.5 0 FTORME & 2o, REH IR % BT
UL, TheOBERIT) ZENTELY, BAHEDE R/ FREYMMT L, REHETIC
WY 57— DOFAORTSEEL 55720, MERELBENLRET V) XML 5EHHE
MAIEEA D, £LTHE000 FORL SO (SRTFR) IS E EOTHRMHER L T &
Whde T/, N FENREICHZLE, £ FORerERETHTHOOHERBE, 7o
DY FOFRTOMBEDEIIBT L EAE % KT 5 b OFHEER L 0asHH P e %
D, TRHDOHNRROTNTERI LT RET L1010 F (O ET b,

D EOBEOBD 2R E, RPEESSIERLT, SHREEHOEMINEORIRLBI{RDZ
HfEHRHF AT 2R FEOMEY, $HROWKRATH L,

— 131 —



WHE T

5 A X

Breiman, L., J. H. Friedman, R. A. Olshen and C. ]. Stone (1984} : Classification and Regres-
sion Trees. Wadsworth International Group, Belmont-California, 358p.

- HEEDL - T 85 (1980) @ E{EALEEGE. BORE, IER, 216p.

BERFEIK - BHIBLE - B - SiARERE(978) D e LF R4S P LESGE HWZ BRI TS
L Bl A Bl SRR, 1403 ).269-276.

Hoaglin, D. C., F. Mosteller and J. W. Tukey (1983) : Understanding Robust and Exploratory
Data Analysis. John Wiley & Sons, Inc., New York, 447p.

fakt £ - BHEAE - LBRML - KFEET] - BB ER(1979) | Binary Decision Tree (2 X A% &y
FHigOEHRE. 5l R ERIHESWIE, 15(4), 486-491.

TN - A HE S - B RS - BIHRAR (1983) | SEIIC BT AIERM L EROf KM F220E
B B i 2R R S TRE, 665-666.

Rosenfeld, A. and C. Kak (1976) : Digital Picture Processing. Academic Press, Inc. fn : Transia-
tion into Japanese by Nagao, M. (1978), Kindaikagakusha, Tokyo.

FEPINTARE (1081) © ISRIEIIRARST. S, O, 434p.

Tukey, J. W. (1977} Exploratory Data Analysis. Addison-Wes]ey Publishing Co., Mas-
sachusetts, 688p.

MR - LB F - KHFH - LHERY - SUGRC - BR EEF1976) 1 W E- My
BMEEE, B, 280p.

—132—




B AERFEATfse e 1075 (R-107-'87)
Res. Rep. Natl. Inst. Environ. Stud., Jpn., No. 107, 1987.

52 K4y b MSS F— 2IC & 2HEERBOMER MRE
An Interactive Classification of Vegetation
by Using LANDSAT MSS Data

HHRkz! - BEENS - BREIEAS
Tomoyuki HAKAMATA!, Tatsuya YOKOTA? and Shota HIROSAKT®

g 5
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Abstract

Principal component analysis is useful to summarize multiseasonal data of the LAND-
SAT MSS (Multispectral scanner) to classify vegetation. It is valuable for the eigenvalue
of principal component which represents seasonal difference of vegetatinal reflectance to be
larger than unity. The six fields in the western part of Saitama prefecture and six months
(January, March, April, May, October and December) were selected to analyze the MSS
data by using an interactive computer seftware. The first three components could involve
more than 80% of the information derived from less than four data-sets of spring and fall
(or winter}. These emphasized successfully the seasonal difference of vegetation. The main
vegetations could be more accurately classfied by using the principal component scores and
the exploratory multi-threshold method than the former method.
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Fig. 1  Chichibu distriet and the training area

Results of every tables were gained from the data on the hatched area. Left, right and lower
boader line show the edges of the LANDSAT data cut out for the study.
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Table 1 Results of principal component analysis of LANDSAT MSS images for a
rectangular part near Hannou-city (128 pixels X 90 lines, Starting point :
10th pixel, 901st line) in Chichibu district

componens ! 2 3o 2 3
Eigen value 8.90 2.82 1.60 - - -
Contribution (%)  55.6 17.6 10.0 - - —
Facior loadings Eigen vectors
Band 4 °* .87 -.25 -1 .29 -.15 -.09
fan. Band 5 .91 -.22 -.07 .30 -.13 -.06
Band 6 .71 .44 -.34 .23 .26 -.27
Band 7 .54 .62 -.32 .18 .37 -.26
Band ¢ .86 -.35 .04 .29 -.21 .03
Apr. Band 5 .87 -.38 .03 .29 -.22 .02
Band 6 .81 .26 .24 .27 15 .19
Band 7 .61 .52 .32 .21 .31 .26
Band 4 .78 -.46 A .28 Al .09
May Band 5 .78 -.51 .04 .26 -.3 .03
Band 6 .64 .28 .63 .22 17 .50
Band 7 .43 .49 .68 .14 .29 .54
Band 4 .81 -.26 -.17 .27 -.15 -.13
Dec. Band 5 .88 -.22 -.11 .29 -.13 -.09
Band 6 .67 .46 -.38 .23 .28 .30
Band 7 .53 .64 -.36 .18 .38 -.2%

WERERE (1, 4, 5, 10, 128 %2) B 1 ERSIES A2R(BADTAT S FIgET
B0, SHOWBRE 2 ERFIBRTVL, EIXZFTFE4ALI0AL0E, F4ERGIEA2
AOENRYFESAOTHE) L (1, 4 AOTHE) LOBERLTwA, HBEERFTEIELLT
5 HOEFNEE T EOELRTH, 8512108 DERAERE 1 AOTRENEREN TS R,
A FADHEE TN -TVa, SOXA, 4, S ERFRAFEIELERL.ZL, 1.10&
ARVEE, HBAAELSSLOT, EROSERL L TEELIZ W EZZ LN,

WHELTE (4, 5, 108, %3) 22T, WY o ) LFHMHERTRLIIEELONRIS,
5, WAOF—#+ty b&Ey 77 v 7LTERGFITEM L, 3 EMF T TRR2OBRE
FELTEY, $1EHHE5 AOKRCTREOERID 2V, EAOEATIFELTL,
E2ERTIZS AOWHAH BTV E, HFITFHFTE4A LB LDETH D, 4 XTI
BIDHOERERLED 5 HOEFIMETHBEDELRL, F2ERGEHMTHELN SOM
D AROTENIMF IR L5, BEAED0.96TH D HRLBHRERFA S,

R (4, 10H ;% 4)F2, 3OFEEPS5AL4, WWALERAY I HICRED LS
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Table 2 Results of principal component analysis of LANDSAT MSS images of five
seasons for a rectangular part near Minano-town (128 pixels X 90 lines,
Starting point : 301st pixel, 501st line) in Chichibu district

Principal 1 9 3 4 5
components
Eigen value 10.21 3.23 1.69 1.21 1.10
Contribution{%} 60.5 16.2 8.5 6.1 5.5
Factor loadings
Band 4 .73 .24 -.03 -.35 -.37
Jan Band 5 .83 .18 -.09 =27 -.28
" Band 6 .89 -.09 -7 -.02 -.21
Band 7 .87 -.14 -.19 .01 -.17
Band 4 .66 .22 .56 -.23 -.00
Bang b5 .65 .39 .45 -.31 -.03
Apr.
Band 6 .76 -.02 .48 .04 02
Band 7 .76 -.04 44 07 .02
Band 4 .10 .84 -.23 .32 -.27
Band 5 1 .80 -.22 .30 -.38
May
Band 6 .25 84 -.03 .06 42
Band 7 .26 77 -.00 .03 .52
Band 4 80 -.16 -.29 -.18 ki
Oct Band 5 .80 .00 -.37 -.23 .05
" Band 6 .83 -.15 -.38 -1 24
Band 7 .82 -.14 -.40 -1 .26
Band 4 LT -.18 17 .32 .07
Band 5 .84 -.09 11 .27 .06
Dec.
Band 6 82 -.28 .03 .43 -.00
Band 7 .81 -.29 .01 .44 -.00

AHRBOT, 4, WWHOF— ¥+ MZOWTHFREMAR, §1 FRSETHOERTEF
H, E2ERTREANERR LA, EHEEDSL.ONLOERFEIETT, 4 AOTHBLE
FHIEE OERT LAE 3 ERSIEEAES0.6518 X otz UL, 2N LOT-5%
EER LT BN CEW 21T - o856, T 1 OBEOL HICTTHRE L SR L 02N, H1E
&ﬁ@iﬁﬁ%$ﬂmuﬁwr%2i&ﬁtﬁhéctﬁL&L@@&@ﬁ,%mlaﬁ%ﬁmm
BhiE, E4EHESLRERETAL .

ASUBTRE (L, 3, 4, 5, 10, 128 FE5) - 1 EHFEEATEIFHETHY, H2E
sk, 4, 5HELL 1 BORFRMNEEDEFRL TS, §3EWIE 3 H L1228 OERHE
EOEEFTLTV S, '
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Table 3 Results of principal component analysis of LANDSAT MSS images of
three seasons for a rectangular part near Minano-town (128 pixels X 90
lines) in Chichibu district

Principal 1 2 3 4
components
Eigen value 5.36 2.92 1.61 ©.96
Contribution (%)  44.7 243 13.4 8.0
Factor loadings
Band 4 T4 .05 .53 -4
Band § 73 .20 .44 02
Apr.
Band 6 .78 -.16 AT -.14
Band 7 .76 -.16 .44 -.13
Band 4 .22 .85 -2 -.41
Band § .20 .81 -.19 -.51
May
Band 6 .42 .78 -.07 .42
Band 7 .43 .70 -.04 .54
Band 4 .80 -.33 -.33 -.07
Band b .81 -.19 -.40 -.10
Oct,
Band © .82 -.32 -.42 .06
Band 7 .80 -.30 -.44 .09

#* 4 BACHGEFINLEOEREEO 2RO S > FYy v MEEOER ST
(128 7 X907 £ )

Table 4  Results of principal component analysis of LANDSAT MSS images of two
seasens for a rectangular part near Minano-town (128 pixels X 90 lines)
in Chichibu district

Principal 1 9 3

components

Eigen value 5.13 1.67 0.65

Contribution (%) 64.1 20.9 8.1

Factor loadings

Band 4 .73 .57 .27
Band 5 .69 .51 .45

Apr,
Band 6 .81 .44 -.36
Band 7 .79 .40 -.43
Band 4 .85 -.37 .4

Ot Band 5 .83 -.35 .21
Band 6 .86 -.46 -.05
Band 7 .84 -.48 -.04
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Table 5  Results of principal component analysis of LANDSAT MSS images for a
square part around Ogawa-town (The first 20,000 pixels of 256 pixels
%79 lines, Starting point : 1st pixel, 501st line) in Chichibu district

Principal

1 2 3
Components
Eigen value 17.66 1.79 1.24
Contribution (%)  73.6 7.5 5.2
Factor loadings
Band 4 .85 -.03 .06
Band 5 .88 -.16 -.02
Jan.
Band 6 .88 -.31 -.08
Band 7 .84 -.37 -1
Band 4 .81 -.08 .48
Band 5 .81 -.22 .48
Mar.
Band 6 .83 -.20 A6
Band 7 .81 -.25 A4
Band 4 .86 .34 -.05
Band 5 .87 .35 -.02
Apr.
Band 6 .90 .30 -.05
Band 7 .89 .24 -.08
Band 4 .85 A3 .05
Band 5 .83 .34 .04
May
Band 6 .82 46 .05
Band 7 .81 .42 .01
Band 4 .90 -.10 -.11
Ot Band 5 .90 -.15 -.09
Band 6 .89 -.23 -.17
Band 7 .87 -.28 -.21
Band 4 87 .10 -.15
Band 5 .90 -.07 -.23
Dec.
Band 6 .88 -.19 -.26
Band 7 .82 -.30 -.31

3. 2, 2 #ErEESRRIIOVCTORE

hEs i Kl E: 5 EoNR & AEA R, FHESTIO0IRA O L E L KT 55
FIAAERVA, R A ERBENFNY LERN TR 2D, 40, B0 OIZHE L 22 EigsE
(S ER ) OSFIEE (1,244 X1, 226BF) 2 LI2, BBUREI WAL EEIF G L E
MWL TRLTYA, #0019 2HIKIIBWTE, RENROWETESS AT T 2%k, 70
AL TEASOLNVEVWEROFELTI I LARENTH L, ERGATERD L 00K
BELT, BESrOEESORESITSELRET LA LAEZONS, LTI 3Kz
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# 6 FAHFTHILEFEOERRRO S & M v b E{EOERS TR (220
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Table 6 Results of principal component analysis of LANDSAT MSS images for a

rectangular part near Ryokami-san (220 pixels X 50 lines,Starting point

- 1,001st pixel, 501st line) in Chichibu district

Principal 1 9 3
components
Eigen value 16.87 2.80 1.33
Contribution {%) 70.3 11.7 5.5
Factor loadings
Band 4 K14 -.36 -1
Band 5 .86 -.08 -.41
Jan.
Band 6 .81 .34 -.37
Band 7 87 .08 .04
Band 4 .86 -.41 -.07
Band 5 .85 -.22 -.36
Mar.
Band 6 .88 .30 -.27
Band 7 .89 -.00 .16
Band 4 .86 -.40 17
Band 5 .90 -.23 -.14
Apr.
Band 6 .85 .45 -.07
Band 7 .83 .30 .30
Band 4 .80 -.41 .20
Band 5 .80 -.44 -.10
May
Band 6 74 .60 .01
Band 7 .64 .59 .35
Band 4 .83 -.38 .23
Oct. Band 5 .89 -.18 -.10
Band 6 82 .45 -.06
Band 7 .81 .17 .36
Band 4 .90 -.22 .15
Band 5 .93 -.05 -.06
Dec.
Band 6 .81 .44 -.14
Band 7 7 -.09 .46
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Table 7  Results of principal component analysis of LANDSAT MSS images for a
band area of a western part of Ogawa-town {1,200 pixels X 10 lines,
Starting point. : 10th pixel, 501st line) in Chichibu district

Principal

1 2 3 4
components
Eigen value 14.06 2.9 2.03 1.1%
Contribution (%) 58.6 12.3 8.5 5.0
Factor loadings
Band 4 .79 -.18 V27 -.24
Jan Band 5 .85 -.06 22 -.23
" Band 6 .83 .35 -.09 -.13
Band 7 .74 .51 -.13 -.11
Band 4 .84 -.36 -.0 -.19
Band 5 .84 -.29 -.07 -2
Mar.
Band 6 .84 .16 -.15 -.21
Band 7 .74 .36 -.12 -.22
Band 4 .83 -.43 .05 17
Band 5 .81 -.38 .28 .06
Apr.
Band 6 .84 .03 -.00 .38
Band 7 .76 .23 .03 .40
Band 4 77 -.42 .22 11
Band 5 .74 -.52 2 .05
May
Band. & .36 .33 .83 1
Band 7 .24 .46 82 .10
Band 4 .81 -.28 -.26 -.09
Band 5 .84 -.25 -.11 -.20
QOct.
Band 6 ) .43 -.08 -.23
Band 7 .65 57 -.02 -.26
Band 4 .83 -.21 -.21 .25
Band 5 87 =07 - 10 .22
Dec.
Band 6 .78 .32 -.32 1
Band 7 70 .45 -.31 .30
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Table 8 Results of principal component analysis of LANDSAT MSS images for a
band area of a western part of Morovama-town, (1,200 pixels X 10 lines,
Starting point : 10th pixel, 801st line} in Chichibu district

Principal

components 1 2 3 4 5 6 1 2 3
Eigen value 12.72 Z2.80 2.03 1.76 1.38 (.89 - - -
Contribution (%) 53.0 11.7 8.5 7.3 5.8 3.7 — - -
Factor loadings Eigen vectors
Band 4 .76 .08 .19 - 11 -.16 .52 .214 050 .130
Jan. Band 5 .84 .05 .17 -.12 -.12 .45 234 032 120
Band 6 .85 -.38 1 .02 .09 .26 237 -.230 .080
Band 7 78 -.48 15 06 11 22 L2190 -.287 102
Band 4 77 .22 .02 -.,32 -.32 -.08 216 134 M1
Mar Band 5 .78 iy .06 .33 -3 -.03 218 141 044
Band 6 .80 -.35 .08 -.16 -.26 -.22 223 -.207 .054
Band 7 .73 -.46 .15 -.11 -.25 -.22 204 - 274 106
Band 4 77 .36 -.12 -.28 .09 -.14 217 217 -, 087
Band 5 .74 .42 {8 -.32 -.03 -.05 209 .253 057
AP Band 6 81 -1 a3 -2 6 .27 227 -.a23 0%
Band 7 .75 -.33 .25 -.23 L4 -.25 L2100 -.200 178
Band 4 .62 61 -.00 .24 17 -.04 RYE 364 -.001
May Band 5 .72 .54 -.02 -.06 .05 .03 L202 .321  -.016
Band 6 44 A1 .68 47 .00 -.10 094 242 480
Band 7 .26 .28 .76 .48 -.02 -.13 072 167 532
Band 4 67 .20 -.56 .29 -.00 -.10 .187 L1190 -.395
Oct. Band 5 .73 .18 -.47 .24 -.23 -.02 .204 L1050 -.328
Band © 6% -.25 -.26 AR -.32 -.05 1932 -.148 - 1B6
Band 7 .63 -.31 -.15 .20 -.39 -.02 175 -.185 0 - 107
Band 4 .76 .25 -.30 10 .36 -.02 214 .149  -.213
Dec. Band 5 .84 .20 -.18 02 .30 .05 236 122 -125
Band 6 .79 -.33 -.05 L1 .43 -.01 222 -.195  -.037
Band 7 .74 -.41 .03 .13 .43 01 206 -.247 020
|
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Fig. 3

B 4

Fig. 4

G Kb o b MSS 7 — # {2 & B LA o0 55 B -k

#1OF— 22 L BHEO G

W AK-C 2 FFTIR, WIaFT - 20k T AU, R RREIREE,
H oK AR S A, MUK G AT, BREWS, M REckE, B Eofh
Classification of vegetation by using the data of Table 1

Green : Sugi-Hinoki-Sawara artificial forest, Yellow : Konara-Kuri forest, Blue : Akamatu
forest, Red : Short grass type vegetation, Brown : Human habitat with vegetation, Right
grey : Urban part or quarry etc., Dark blue : Open water, Black : Others.

e DI X B

2EEMI (3 A E 4 )+ E LB AR 7 — 4, kSRR, SR DRI AR
ok, ok D, E RO

Classification of vegetation by a usual method

Data of two seasons (March and April) + Land use data from the 'Kokudo suuchi jouhou’,
Green : Conifer, Right green : Broadleaf tree + Broadleal tree conifer mixed forest, Ocher/-
Cyanic : Fields, Yellow : Grasslands.
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Fig. 5
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RKEODF—HIZEB M L—= 7)) 7 LY IE oA 58

M AF- S F T TR, 3T DRk il D KEMBHERE, K TAwY
M, o 3LFT-r 0k K FOM

Classification of vegetation in the broader area than the training area by us-
ing the data of Table 8

Green : Sugi*Hinoki-Sawara artificial forest, Yellow : Konara+Kuri forest, Dark brown : Field
weed, Purple : Akamatsu forest, Brown : Mizunara-Kuri forest, Grey : Others.
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Structure of a Sea-breeze Front Revealed

by the NIES Large Laser Radar*

HARHAR! - fEEF RG]
Hideaki NAKANE' and Yasuhiro SASANO!
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Abstract

Structure of a sea-breeze front was observed by the NIES large laser radar using aero-
sols as tracers, Distinct boundaries were seen on the vertical crosssection of aerosol con-
centration distribution as well as on the horizontal one. The related meteorological data
verified that these boundaries corresponded with the sea-breeze front, Detailed analysis of
the aerosol concentration distribution with the aid of meteorological data revealed the
structure and motion of the sea-breeze front and determined the related parameters.
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Atmospheric Environment Division, the National Institute for Environmental Studies. Yatabe-machi. Tsukuba,
Ibaraki 305, Japan.

— 156 —



PRIEHE - R

EibNb,

AT G RVAT &) o — R R, BRALERE (e. g. Simpson &, 1977 ; Keen & Lyons, 1978
Ogawa &, 1986), A% B/ HMNEE (e g Simpson & Britter, 1980 ; Mitsumoto &, 1983),
BUBMES 3 2 -3 3 v (e g, Estoque, 19617 Kondo & Gambo, 1979 ; Pearson, 1973) 5 DA%
WKE > THLMI R 5T &, /2, Simpson & (1977) 1%, #pAlid i L L B LORRERLOEIC L o
THFEENREFBE S22 E, FLT, JOENROLRET (N F)TE, BMLWEAZHEVE
BHSEERE LTI LABKORRFE->TWwA I L #iERM L, L L, ERORKPTOHE
BHEAROREE IC W T OBRRIR L v, ZOEANL, EESHEE AL, PEfio TBBTS
R T EET A0 TE VIR - ZHSEEEF - BUFESLEL R LD TH A,
L=V =¥ 0L ) 2HASTRIEEO-DTH S,

ABRETHE, =70V AEF P L—F - LAV —F— L ¥ - T, BEARHEOHRE -
KRS L, EREIC, SRS TERIT A LIRS L, FLT, BEITROMR N
FAEOFEFEE I D WTOMRATE bR,

2 BERNBONESAOZA

HRRTR OB, RHEFROKR L —#— L — ¥ — (Shimizu 5, 1985) #ffiv:C, 19844 2 A
15H 4T - 720 BRMIARIRIE, SElOALH#H60km, LA E » i % & tr10km X 10km O F7# (4 1
SORMTHINAER) Thob, ZOFEROPOHLEEH T 2R T TOREILH35km
Th b, BIEREBEEOMIZEE s BEBOTo0M» S 528, o AEG 1320~ 30m
OF-5 A - IR TH 5,

FRI OB OBERARICLD E, OB, BERESEY FEICH D EAEA R 1000kn
Wdh b EVIRWEARIORTRB Th o 72, KIEMIEE 9 BEZI20.006mb/km T - 7227, I
DT R SIHED LT SO0, BERHICE, BE AR CRED/N S ARSI EN L,

BRI B EPT A CEASR S LA, ARRFEETIIM I35 CllE LA B s O fE H 49513298 . 8cal.
em 2 TH (I - L, 1985), Shid 7, S AOBERKAOMZ/3ICANT AL AN B E
THY, THIE ST, NESORBRES LA L@, EFEFHFARE=S —HicBwT
BOBRERHT X o CillE LA BEREREE, 4B, —7°CTh-7AH, 1RITIERSEL6.2°C
WL SHICH LT, 30km ihE E TOESEOEERER, KHMEKERBSIT- T
DS, B EEF - 50, W7 CTho b EESND, MERED BRI NE VDT,
Hep il N OMBETRED IS (, KMIHEREOH S/t Er 6D, JOEED
REREOAEILoIHE LT, HESEEEARE) OSEOH LB SET- B AR 5)
b kEL{ ot 20 2HETHE SN AEDHETHRT v— 2B L L, NI TR
R GT R ERE) OFRETH » 722, L~ 1THOMEHES @RBERE) OAENS
AL A D, 17TERLRE BB AEER AR (27 o 7 BITAR L7289 AR & BB D RIEZED

— 156 —




KB L —H— L= ¥ — Il X DpRAR O ORI

V 72
's ¢ 7
w S5m/s
////
v - : N D
«16: ha P EN
p \ 16.20\ 2 : 3,50

: l N 7/
ia..po 17y A /////,' R

< 14: %00
RO o0 G _
{ \ lldur;— » \ \Do :;; /

1 EEROAER~ORA

— ST EREIE4, 15, 15, 17, lBB#@iﬁELEE%E@fi &, EAURNTHOGEA~Y M ERT. A8
B R EREA L L~ =L — ¥ -8B E T

Fig. 1 Inland penetration of the sea breeze

Hatched area are sea or lakes. Measurement sites A-K supplied continuous chari records of
wind directions and wind velocities. Dash-dotted lines are the positions of the sea-breeze from
at 14 : 00,15: 00, 16 : 00, 17 : 00 and 18 : 00 JST estimated from the wind data. Arrows are

wind vecters at 17 : 00 JST. Lidar measurement were carried out over the region baunded by
the broken line.
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Fig. 2 The temporal changes in relative humidity, temperature, wind direction and
wind velocity at the point G in Fig. 1
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Fig. 3 The horizontal concentration distribution of aerosols obtained from the PPI
lidar measurement
The aerosol concentration in terms of the volume extinction coefficient, @1, is displayed by

ten color slice levels. (The volume extinction coefficient due to air molecules, @z, is as large
as 1.33X10 " m ™" at T=15C, P=1atm).

altitude (m)
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5 10 14
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B4 30— SR (1 0% IS > TiT - 2 REHLBIRIIZ L > TR G AT
T O i S T P AT
Fig.4 The vertical crosssection of the concentration distribution of aerosols
obtained by the RHI measurement over the dash-dotted line in Fig.3 (the
solid line in Fig.1 )
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The vertical differentiation of Fig.4 for enhancement of the aerosol distribu-
tion structure

The vertical gradient of the volume extinclion coefficient for each pixel is displayed by ten
gray slice levels.
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Basic Concepts of an Air Monitoring Network Design Based

on Yearly Change of Spatial and Temporal Variation of Concentration Data

WEMT - o B
Junko SHINDO! and Ko OT'

E 5

EREEHE T SO RAEREAROBR O b O L 5, KEGE TR ORI,
Ze R 2 AN M T O — iR W E R OS2 EE ~ o OME T — F &
FVCHET L7z, SOp & NOp (2B L CZEMARRE, RURNFIRE M 548
ERBEMID, TAFEHICL s TEETAZ AL o2 KAHROBOIFED
TALEEFT LI EA LK, BRRPEEMIOEECHRENT A I EE, BESZVIE,D
T, KNOBHROEMNOLDIAELTF - s EBRLALEVIEE b S, BIETROR
FHCBLT, 1EERNRALTEEIIERTARETLY, 2)THERVEROF - 75
HTELIMHEEBEN, BHICEATEONE ST S, 3) KA RS LI EN
BTAELTWALLYI»OREO:D, BAKRTESRILETSHE, OERNLEZ
Frigm L7,

Abstract

In order to provide a basic information for designing an air pollution monitoring net-
work composed of monitoring stations and a laser radar system, spatial and temporal varia-
tion of air pollution data from 1977 through 1981 obtained by ambient air monitoring sta-
tions in the Kanto district was investigated. As for NO; and SO: concentration, it was de-
monstrated that spatial correlation fields and spatial distribution of long term averages
were subject to yearly and seasonal changes. Rigorous designing of a monitoring network,
which does not consider the yearly change of air pollution fields, is proved to be meaning-
less and sometimes misleading, because it may not provide sufficient data to design a new
network to replace a current one. Following basic concepts for rational network design
were proposed: 1) An 'Optimum network' should not be aimed at rigorously. 2) A stable
feature of the air pollution field and its yearly fluctuation should be evaluated from actual

1. ENSEER REEERE 7305 KRR HERSEIATEN 163 2
Environmental Information Division, the National Institute for Environmental Studies. Yatabe-machi, Tsuku-
ba, [baraki 305, Japan.
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monitoring data. 3) Redundant stations should be included to ascertain whether data
obtained by a current netwark represent the air pollution field with a required accuracy.

1 Lo
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Table 1 Conventional approaches to air mosnitoring system design
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RAeFT— 5 i Hougland & Stephens (1976) |
RRTF—¥ b Non® (1977) r——F 4TI
' Munshi & Patil {1981)
Y 3ab—ia ik e FA7 LD
DREWTFEk Lee > (1978) Nakamori & (1979)
B & (1984} Nakamori & Sawaragi (1984)
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REBLMTE OF G Liu & Avrin (1981) Buell (1975)
47 I Egmond & Onderdelinden (1981)
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{a) 1977 (b) 1978
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{©) 1979 {d) 1980

B 1 SO SFEFHRAE LM 4 (B2 ppb)

Fig. 1  Spatial distribution of SO: yearly average concentration
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Spatial distribution of NO: seasonal average concentration in 1979
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Table 2  Analysis of variance table with 2 criteria of classification (years
and stations) for yearly average of SOz coneentration (1977-1980)

o o] HlE  F 5 A FHERE )

& 4 191 3726.882
& ;'3 3 47.609 15.870
#ooE B 47 3262.457 69.414
FEEXHIER 141 416.816 2.956

PHENRNE D 14.5 ppb

# 3 NO: FETMEI X DEH L PIER* BT &+ 5 2wl i
(BFFIS44FRE)
Table 3 Analysis of variance table with 2 criteria of classification (seasons

and stations) for seasonal average of NO: concentration {1979)

T®HA BAE  E oA TFHTEH

& fk 311 32230.828
% B 3 4731.394 1557.131
wooE A 77 25271.589 328.202
FH X MER 231 2227 .845 9.644

EEHREE 27,1 ppb
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(a)
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B HISZEE {b) HRHIS4EE

1977 () 1979

{c) HBAISGHERE
{) 1981

Bl 3 SO: EHE B E ) FEIAH B 4R 3% (RO
Fig. 3 Spatial correlation field for SO: concentration in autumn

© : reference station, @ : r=20.9, & 0.7=r<0.9,
A05Sr<0.7, X r<0.5
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(a) BHAUS2AERE (b) WEHS2EREE &
(a) spring, 1977 (b}  summer, 1977

(c) BOFOS24E/E  Hk
(c) autumn, 1977

4 NO: iH ORI R R AR R
Fig. 4  Spatial correlation field for NO: concentration

© : reference station, @ : r =0.9, 4 : 0 7=r<0.9,
ALGA=r <07, X:r <05
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i} — T ]
3 Distance {km) &0 0

llsg =) MFE PR B O BB 1 L B
(a) BAFISCEME SO. OH, @, %M
(b) SO: #k (DIRFIS2ER, OBEFISCENR
(c) NO: OMMSERE, OBIFISZEER, GBRAIS6E K
(d) SPM (SP) Fk (DIGHIS24ERE, DIRFIS6ER
Spatial correlation coefficients as a function of distance
(a) SO: concentration in the summer (D) ,
in the autumn (&) and in the year (@) of 1981
(b) SOz concetration in the autumn of 1977 {(D) and 1981 (&)
(¢} NO: concentration in the summer of 1977 (D),
in the autumn of 1977 (@) and in the autumn of 1981 (@)
(@) for SPM (SP) concentration in the autumn of 1977 {1)) and 1981(@)
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Table 4 Parameter of decline of spatial correlation with distance { @ /10°)

HA S02 NO: SPM(SP)
EHE Eai # £/ [ i *
BEANS24ERE [3.10 219 1.24 128 0.74 0.66
WRAIS3ERE | 2,30 1.03  0.93 0.80  0.64 0.46
BifIS44ERE 11,98 1.3 1.0t 0.77 0.8l 0.35
IBFISSAEEE | 1.68 1.3z 0.87 0.78  0.80 0.46
IBFISGENE | 1.37 100 0.83 0.81  0.66 057

o, B6E—fE LTEMsEED A EMEOREROSH L 2 HOMEE 70 F LALOT,
Q& F, AVH, X5k, @FEThb, £/, & &, & L0HBEEROMIEZ40.31, —0.14,
0.23, 0.55, 0.82TH 5,

BEEY, S2ETH~Ly 47 IOFHEDS b, AERROBOY 1 LS H1 2 LT,
O.LEAVTLENERTELRETL2HED SO R NO (B LCH, EHEELLHCEDLN
boe Wil, b LBHLFEOT - 2V TEERELNERBRESCERO-OOBERLEO L —
7E LTEBLZNEREELHRET LI LT ELELTY, AEERROIEIBENIIERT LD
Thothrb, FRRMMOFETRATULLEHETHE L@V ALZV, HFTLAEREAERL TV Y

$0z concentration (ppb)

AFac

gG L 1 T T
300
S02 concentration {pph}

o
(==}

B 6 2#IERICHETD S0 HTHRED MR
Fig. 6 Scatter diagram of SO: daily average concentration at 2 monitoring stations

(O : spring, # - summer, X : autumn, @ : winter
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A comparative study of adults and immature stages of nine Japanese species of
the genus Chironomus (Diptera, Chironomidae).(1378)
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Part 1. The distribution of chironomid species in a tributary in relation to

the degree of pollution with sewage water.

Part 2, Description of 20 species of Chironominae recovered from a tributary.
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Studies on chirenonid 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.
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Report of Special Research Project the Naticnal Institute for Environmental Studies

No. 1% Man activity and aquatic environment—with special references to Lake
Kasumigaura—Progress report in 1976, (1977)

No. 2% Studies on evaluation and amelioration of air pollution by plants—Progress
report in 1976-1977, (1978)

(Starting with Report No.3, the new title for NIES Reports was changed to})
Research report from the National Institute for Environmental Studies
¥No, 3 A comparative study of adults and immature stages of nine Japanese species of
the genus Chironomus{Deptera, Chironomidae).(1978)
No. 4% Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides
system—Progress report in 1%77.(1978)
Mo, 5*Studies or the photooxidation products of the alkylbenzene-nitregen oxides
system, and on their effects on Cultured Cells—Research report in 1976-1877.
(1878)
No., b6#Man activity and agquatic environment—with special references to Lake
Kasumigaura—Progress report in }877-1878, (1979)
¥No. 7 A morpheological study of adults and immature stages of 20 Japanese species of
the family Chironomidae(Deptera), (1979)
¥No. 8#*Studies on the biological effects of single and combined exposure of air
pollutants—Research report in 1977-1978.(1879)
No. O# Smog chamber studies on photoechemical reactions of hydrocarbopn-nitrogen oxides
system—Progress report in 1978, (1979)
No, 10# Studies on evaluation and amelioratien of air pollution by plants—Progress
report in 1976-~1978, (1979)
WNo, 11 Studies on the effects of air pollutants on plants and mechanisms of
phytotoxicity. (1980}
No. 12 Multielement analysis studies by flame and inductively coupled plasma
spectroscopy utilizing comouter-controlled instrumentation, (1980)
No, 13 Studies on chironomid midges of the Tama River. (1980)
Part I. The distribution of chironomid species in a tributary in relation to
the degree of pollution with sewage vater,
Part Z. Pescription of 20 species of Chironceminae recovered from a tributary.
No. 14+ Studies on the effects of organic wastes on the soil ecosystem=Progress
report in 1978~1979, (1980)
¥No. 15% Studies on the biolegical effects of single and combined exposure of air
pollutants—Rescarch report in 1979.(1980)
Ko. 16# Bemote measurement of air pollution by a mobile laser radar, (1980)
¥No. 17#% Influence of buoyancy on fluid motiens and transport processes-—Meteorological
characteristics and atmospheric diffusion phenomena in the coastal region—
Pregress report in 1978-1979, {1980)
No. 18 Preparation, analysis and certification of PEPPERBUSH standard reference mate—
rial. (1980}
¥No. 19 #* Comprehensive studies on the eutrophication of fresh-water areas—Lake current
of Kasumigaura(Nishiura)—1978-1979, (1481)
No., 20* Comprehensive studies on the eutrophication of fresh-water areas—[eomorpho-
logical and hydrometeorclogical characteristics of Kasumigaura watershed as
related to the lake environment— 1978-1979, (1981)
No. 21 Comprehensive studies on the eutrophication of fresh-water areas—Variation
of pollutant lead by influent rivers to Lake Kasumigaura— 1978-1979.(1981)
No, 22* Comprehensive studies on the eutrophication of fresh-water areas—Structure of
ccosystem and standing crops in Lake Kasumigaura—1978-1979, {1981)
No. 23 * Comprehensive studies on the eutrophication of fresh-water areas— Applica-
bility of trophic state indices for lakes— 1978-1979, (1981}
No. 24 * Comprehensive studies on the eutrophication of fresh-wvater areas—Quantitative
analysis of eutrophication effects on main utilization of lake water resources
—1978-1979. (1981)
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Comprehensive studies on the eutrophication of fresh-vater areas—Growvth

characteristics of Blue-Green Algae, Mycrocystis—1978-1979.(1981)

Comprehensive studies on the eutrophication of fresh-water areas—

?eter?ination 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. (19881)

Studies on effects of air pollutant mixtures on plants—Progress report 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 vinter survey.

Eutrophication and red tides in the coastal marine environment — Progress

report in 1979-10980, {1982)

Studies on the biclogical effects of single and combined exposure of air

pollutants—Research report in 1980, (1981}

Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen

oxldes system—Progress report in 1979—Research on the photochemical

secondary pellutants formation mechanism in the environmental atmesphere

(Part 1).(1982)

Meteorological characteristics and atmospheric diffusien phenomena in the

coastal region—Simulation of atmospheric motiens and diffusion processes —

Progress report in 1980, (1982)

The development and evaluation of remote measurement methods for environmental

pollution— Research report in 1980.(1982)

Comprehensive evaiuation of environmental impacts of road and traffic.(1582)

Studies on the method for long term envirenmental monitoring—Progress report

in 1980-1981.(1482)

Study on supporting technology for systems analysis of environmental policy
~The Bvaluatien Labolatory 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—with special reference to heavy metals—. (1983)

Experimetal studies on the physical preperties of mud and the characteristics

of mud transportation, {1983)

Studies on chironomid widges of the Tama River. {1983)

Part 5, An observation on the distribution of Chironominae along the main

stream in June, with description of 15 new species,

Part 6. Description of species of the subfamily Orthcladiinae recovered from

the main stream in the June survey.

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

Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides
system—Preogress report in 1979—Research on the photochemical secondary

pollutants formation mechanism in the environmental atomosphere(Part 2).(1383)

Studies on the effect of organic wastes on the soil ecosystem—Outlines of

special research project— 18978-1980, (1983)

Studies on the effect of organic wastes on the soil ecosystem—Research report

in 1979-1980, Part 1.(1983)

Studies on the effect of organic wastes on the soil ecosystem—Research report

in 1979-1980, Part 2.(1983)

Study on optimal allocation of water quality moniteoring points.(1983)
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4% % The development and evaluation of remote measurement method for environmental
pellution--Research report in 1982.{1984)

50 * Comprehensive studies on the eutrophication contrel of freshwaters—Estimation
of input loading of Lake Kasumigaura—1980-1982.(1984)

51 * Comprehensive studies on the eutrophication control of freshwaters— The func-
tion of the ecosystem and significance of sediment in nutrient cycle in Lake
Kasumigaura— 1980-1982, (1984)

52 = Comprehensive studies on the eutrophication contrel of freshwaters—EBrclosure
experiments for restoration of highly eutrophic shallow Lake Kasumigaura— 1980
-1982.(1984)

53 % Comprehensive studies on the eutrophication control of freshwaters —Seasonal
changes of the biomass of fishes and crustacia in Lake Kasumigaura— 1980-1982.
(1984}

54 » Comprehensive studies on the eutrophication control of freshwaters—Modeling
the eutrophication of Lake Kasumigaura— 1980-1982,(1984)

55#% Comprehensive studies on the eutrophication control of freshwaters— Measures
for eutrophication control—1980-1982, (1984)

56 # Comprehensive studies on the eutrophication control of freshwaters—EButrophic-

" ation in lake Yuncko— 1980-1982, (1984)

57 Comprehensive studies on the eutrophication contrel of freshwaters— Summary
of researches— 1980-1982, (1984}

58 # Studies on the method for long term environmental monitering — Qutlines of
special research project in 1380-1982. (1884)

53 % Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfur
oxides system — Photochemical ozone formation studied by the evacuable smog
chamber — Atmospheric photooxidation mechanisms of selected organic compounds
—Research report in 1880-1982,Part 1, (1984)

60 % Studies on photochemical reactions of hydrecarbon-nitrogen oxides-sulfur
oxides system—Formation mechanisms of photochemical aerovzol- Research report
in 1980-1982,Part 2.(1984)

61 * Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfur
oxides system — Hesearch on the photochemical secondary pollutants formation
mechanism in the environmental atmosphere(Part 1)} —Research report in 1880-
1982,Part 3.(1984)

6Z% Effects of toxic substances on aquatic ecosystems —Progress report in 1980-
1983, (1984)

63 * Eutrophication and red tides in the coastal marine environment —Progress
report in 1981, (1984)

64 # Studies on effects of air pollutant mixtures on plants—Final report in 1979-
1081, (1984)

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

66 Studies on effects.of air pellutant mixtures on plants—Part 2,(1984)

f7* Studies on unfavourable effects on human body regarding to several toxic
materials in the environment, using epidemiological and analytical techniques
—Project research report in 1979-1881.(1984)

68 # Studies on the environmental effects of the application of sewage sludge to
soil —Research report in 1981-1983.(1984)

69 Fundamental studies on the eutrophication of Lake Chuzenji — Basic research
report. {1984)
70 Studies on chironomid midges in lakes of the Nikko National Park

Part I .Ecological studies on chironomids in lakes of the Nikko National Park.
Part @ .Taxcnomical and morphelogical studies on the chironowid species
collected from lakes in the Nikko National Park.(1984)

71 % Analysis on distributions of remnant snowpack and snow patch vegetation by
remote sensing. (1984)

72#% Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfur
oxides system—Research on the photochemical secondary pollutants formation
mechanism in the environmental atmeosphere - Research report in 1980-1982,
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Part 4, (1985)

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

74* A comprehensive study on the development of indices system for urban and

suburban environmental quality—Environmental indices—Basic notion and forma-
tion, {1984)

. 75 Limnological and environmental studies of elements in the sediment of Lake

Biva. (1985)
76 A study on the behavior of monoterpens in the atmosphere. (1985)

. T7#* The development and evaluation of remote measurement metheds for environmental

pollution—Research report in 1983, (1985)

. 78 % Study on residents’ role in conserving the living environment.(1985)
. 18 Studies on the method for long term environmental monitoring-—Research report

in 1980-1982, (1985)

80 % Modeling of red tide blooms in the coastal sea—Research report in 1982-18983,
(1985)

81 % A studies on effects of implementing environmental impact assessment procedure
—With particular reference to implementation by local governments, {1885)

8Z# Studies on the role of vegetation as a sink of air pollutants—=Research report
in 1982-1983.(1985)

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

84» A comprehensive study on the development of assessment technigues for health
effects due to environmental heavy metal exposure—Final repert in 1982-1984,
(1985)

85 Studies on the rate constants of free radical reactions and related spectro-
scopic and thermochemical parameters.(1985)

86 % A novel retrieval system for identifications of unknown mass spectra. (1988)

87+ Analysis of the photochemical secondary pollutants and their toxicity on
caltyred cells—Research report in 1978-1983. (1986)

88+ A comprehensive study on the development of indices systems for urban and
suburban environmental quality 0 —Environmental indices—Applications and
systems, {1986)

89 Measuring the water quality of Lake Kasumigaura by LANDSAT remote sensing.
(1986)

90 * National trust movement in Japanese nature conservation — Trustworthy or
itlusien?(1986)

91 FEconomic analysis of man’s utilization of environmental resources im aguatic
environments and national park regions.(1986)

92 % Studies on the growth and decomposition of water-bloom of Microcyctis.{1986)

93 * Studies on the environmental effects of the application of sewage sludge to
80il (1 ) —Research report and papers(Part 1)in 1883-1384. (1986)

84 % Studies on the environmental effects of the application of sewvage sludge to
s0il(1 ) —Research report and papers(Part 2)in 1583-1984. (1986}

95 % Comprehensive studies on effective use of natural ecosystems for water quality
wmanagement (I ) —Drainage and flowing down of pollutant load— Researeh report
in 1983-1984.(1986)

96 * Comprehensive studies on effective use of natural ecosystems for water quality
management (II ) —Structure and function of the ecosystems of littoral zone —
Research report in 1983-1984.(1986)

87 * Comprehensive studies on effective use of natural ecosystems for water quality
management (I ) —Self-purification in stream and soil—Research report in 1983-
1984, (1986)

98 * Comprehensive studies on effective use of natural ecosystems for water quality
management ([V) — Development and application of wastewater treatment technolo-
gies utilizing self-purification ability—Research report in 1883-1084, (1986)

99 = Effects of toxic substances on aquatic ecosystems—Final report in 1981-1984,

(19886)

No,100 * Studies on the metheds for long-term monitoring of environmental pollutants in
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No. 104
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the background regions—Development of highly sensitive and selective analyt-

ical methods for measurement of pollutants in the background regions—Progress

report in 1983-1885, (1986)

Experimental studies on the effects of gaseous air pollutants in combination

on animals, (1986)

A reviev on studies of the global scale air gquality perturbation, (1986)

Technological assessment of electric vehicle from the environmental protection

viewpoint, (1987)

Studies on chironomid midges in lakes of the Akan Natienal Park,(1987)

Part [ .Distribution of chironomid larvae in Lake Akan, Lake Panke and Lake
Kussyaro,

Part 0O .Chironomid midges collected on the shore of lakes in the Akan National
Park, Hokkaido(Diptera, Chironomidae)

Fornulation of the dynamic behavior of water and solites leaching through the

field soil, (1987)

Appraised landscape and thier environmental value in Tsukuba Science City.

(1987)

Studies on remote sensing for spatial and temporal analysis of environment—

Research rveport in 1984-1983.(1937)

Studies on Lhe role of vegetation as a sink of air pollutants—Final report in

1982-1985.(1987)
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